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SUMMARY SHEET FOR FINAL ENVIRONMENTAL IMPACT STATEMENT

Ground Based Free Electron Laser Technology Integration Experiment
White Sands Missile Range, New Mexico

) Draft ( X ) Final

U.S. Army Corps of Engineers
Fort Worth District
P.O. Box 17300
Fort Worth, Texas 76102-0300
ATTN: SWFPL-R

1. Type of Action: ( X ) Administrative Action

Legislative Action

2. Project Description

This Environmental Impact Statement was prepared by the U.S. Army Corps of
Engineers in response to a request from the proponent, the U.S. Army Strategic
Defense Command under the authority of the Strategic Defense Initiative
Organization. The purpose of the project would be to test and evaluate the
propagation of a ground based free electron laser beam through the atmosphere
to diagnostic targets without significant reductions in the beam's quality and
energy levels.

The proposed project would be located at one of three sites at White Sands
Missile Range, New Mexico. The site west of the Orogrande Range Camp is the
proponent's preferred alternative. The proposed project would be conducted in
two phases, a low power phase and a high power phase. Construction of the low
power laser facility would begin in early 1987 and be completed within two to
three years. Modification of this facility would commence in the early 1990s
depending upon results of the low power tests. Up to 2,000 personnel would be
required during the peak construction activities assuming phase II follows
directly after phase I; 250 to 500 workers would be employed during the
operational phase.

Approximately 280 tests would be expected to be conducted in a typical year;
although more tests may be required, about 840 tests per year would be the
absolute maximum number that could be conducted. These tests would be
conducted at various times during the day and night, and would use various
ground, air and space targets. Duration of each test would be a maximum of 60
seconds. Automatic safety mechanisms would abort test firings of the laser if
any object greater than 1.0 centimeter in diameter is detected near the laser
beam.

Ancillary facilities that may be required to support the test and evaluation
program include industrial and domestic wastewater treatment systems, stand-by
power generation, power and/or water transmission lines, roads, and a possible
railroad s!:Jr. Power generation and/or storage devices may be required to
meet the instantaneous power demands during the second phase.



3. Summary of Major Environmental Impacts

Depending upon the site selected, direct adverse environmental impacts would
include fugitive dust and noise during construction activities; complete loss
of 2,600-3,000 acres of various habitat types, primarily mesquite-sand dunes,
due to actual facility construction; reduction of available habitats for large
mammals (e.g., pronghorn and gemsbok) of about 15,500 to 17,200 acres; and
potential disturbance of desert bighorn sheep, Baird's sparrow, McCown's
longspur and Swainson's hawk. Significant effects to archeological/cultural
resources could occur; the magnitude of these effects would depend upon the
site selected as well as the effectiveness of the mitigation plan to be
developed. Ambient air quality would return to pre-project conditions shortly
after cessation of construction activities; normal operation of the laser
facility would not significantly affect the region's ambient air quality.

The potential impacts associated with the most cost effective water supply
alternatives at each site has been identified. An aquifer in the Soledad
Canyon area would be developed to provide the water supply for the GBFEL-TIE
at the Orogrande site. This aquifer is expected to be able to satisfy the
project requirements without significant detrimental effects to the aquifer.
Withdrawal from aquifer(s) south of the Jornada Reserve Headquarters for the
North of NASA site may adversely affect ongoing programs at the Jornada
Experimental Range. Withdrawal of water from the Rio Grande alluvium for the
Stallion site would not significantly affect local users or wildlife since the
water would be replaced by water from the San Juan-Chama Project.

Indirect effects are related to accidental fires or spills which could destroy
additional terrestrial habitats, as well as cultural resources. Reductions in
the prey base would also indirectly affect birds of prey, some snakes and
large predators (e.g., coyote, gray fox).

The major beneficial effect would be increases in employment and income in the
region. Implementation of the proposed project may induce economic
development, including higher land values, construction/renovation of schools
and recreational facilities, as well as residential and commercial
development. The magnitude of these effects would depend upon the actual
number of workers required and the duration of the construction activities.

Indirect adverse socioeconomic effects would relate to increased demands on
schools, law enforcement, recreational facilities, and the emigration of
workers from the region after completion of the construction activities.
Gravity and allocation models as well as discussions with officials from
affected communities indicate that the local communities could adequately
accommodate these needs, with the possible exception of a housing deficit in
Socorro.

Mitigation measures which are required by White Sands Missile Range and those
that would be committed to the proposed project are discussed in Section V,
Mitigation Measures.

4. Summary of Alternatives Considered

In consideration of the 1972 Anti-Ballistic Missile Treaty between the United
States and the Soviet Union, the Ground Based Laser project would be located
at White Sands Missile Range (WSMR), New Mexico.



Although WSMR is a large area (over 10,256 square km), the range is already
extensively used. Over 80 programs of the Department of Defense and other
government agencies presently use WSMR. Existing major activities and
facilities therefore prevent siting of the laser facility in certain areas of
WSMR.

Moreover, not all of the land area within WSMR boundaries is freely usable for
construction of major new facilities. For example, the White Sands National
Monument is located within WSMR. Therefore, no consideration was given to
siting the laser facility in such areas. Of the remaining portions of WSMR,
many areas are too mountainous for the proposed facility.

A total of 14 sites on WSMR were initially selected as potential locations for
the laser facility and were rated according to numerous criteria. Several of
these sites were eliminated from further consideration due to inadequate land
area with the required terrain features. Several others were eliminated from
further consideration because of their proximity to gypsum deposits which
could severely affect the laser's optics system. Of the remaining sites,
three, representing the reasonable range of alternatives, were carried forward
for detailed evaluation.

The No Action alternative would preclude all adverse and beneficial
environmental and economic impacts.

5. Preferred Alternative

Orogrande has been identified as the environmentally preferred alternative as
well as the USASDC's recommended site. Some habitat disruption at the
Stallion site, and impacts on desert bighorn sheep and archeological resources
at the North of NASA site were the major environmental factors. There appears
to be no essential difference in the estimated construction costs associated
with siting the experiment at any of the three sites. The history of seismic
activity in the Socorro area indicates that siting the experiment at Stallion
could cause a delay in gathering experimental data due to the necessity to
periodically realign and calibrate optical equipment. In the area of program
and schedule conflicts at White Sands, substantially higher impacts would
accrue to existing and future programs at the Stallion site as compared to the
other two sites. At the Stallion site, these program conflicts affect all
three military services and, in the opinion of White Sands personnel, would
severely limit future operational capabilities of the national range thereby
making Stallion significantly inferior to the other two sites.

The final site decision will be made by LTG James A. Abrahamson, Director,
SDIO, after consideration of the public comments to the U.S. Army's
recommendation.

6. Permits

This Final EIS was prepared in accordance with and is in compliance with the
Council on Environmental Quality's (CEQ) Regulations for Implementing National
Environmental Policy Act (NEPA), Army Regulations (AR) 200-2 (with Change No.
1), Fish and Wildlife Coordination Act, the National Historic Preservation Act
of 1966, the Endangered Species Act of 1973, the Clean Air Act, the Clean
Water Act, and Executive Orders 11988 and 11990. The permits that may be
required for various project components are provided below; some of these
would not be required during the low power phase but may be required during
the high power phase.



7. Comments

Copies of the Final EIS have been sent to the following agencies and
organizations as well as interested individuals.

FEDERAL AGENCIES

U.S. Environmental Protection Agency, Region VI
U.S. Department of the Interior

Fish and Wildlife Service, Region II
National Park Service
U.S. Geological Survey
Bureau of Indian Affairs

U.S. Department of Agriculture
U.S. Forest Service
Soil Conservation Service

U.S. Army Corps of Engineers
Fort Worth District
Albuquerque District
Southwestern Division
Huntsville Division

U.S. Department of the Army
U.S. Department of the Air Force
U.S. Department of the Navy
National Aeronautics and Space Administration
U.S. Department of Transportation

Federal Highway Administration
Federal Aviation Administration

U.S. Department of Housing and Urban Development
Advisory Council on Historic Preservation
U.S. Department of Health and Human Services
U.S. Public Health Service
U.S. Department of Energy

Federal Energy Regulatory Commission

NEW MEXICO STATE AGENCIES

Honorable Garrey Carruthers (Governor, New Mexico)
New Mexico State Historic Preservation Office
New Mexico Department of Game and Fish
New Mexico Department of Health and Environment
New Mexico Department of Parks and Recreation
New Mexico Department of Transportation
New Mexico Department of Agriculture
New Mexico Office of the State Engineer

TEXAS STATE AGENCIES

Honorable Bill Clements (Governor, Texas)



SENATORS AND REPRESENTATIVES

Honorable Jeff Bingaman (U.S. Senator, New Mexico)
Honorable Pete V. Domenici (U.S. Senator, New Mexico)
Honorable Lloyd M. Bentson, Jr. (U.S. Senator, Texas)
Honorable Phil Gramm (U.S. Senator, Texas)
Honorable Manuel Lujan, Jr. (U.S. Representative, New Mexico)
Honorable Bill Richardson (U.S. Representative, New Mexico)
Honorable Joe Skeen (U.S. Representative, New Mexico)
Honorable Ronald Coleman (U.S. Representative, Texas)
Honorable Harold Foreman (New Mexico State Senator)
Honorable Toots Green (New Mexico State Representative)
Honorable William Vandergriff (New Mexico State Senator)
Honorable Ike Smalley (New Mexico State Senator)
Honorable Fernando Macias (New Mexico State Senator)
Honorable James L. Martin (New Mexico State Senator)
Honorable Ellen Lively Steele (New Mexico State Senator)
Honorable Maurice Hobson (New Mexico State Representative)
Honorable Larry Scheffield (New Mexico State Representative)
Honorable Ruben A. Smith (New Mexico State Representative)
Honorable Leonard Scheffield (New Mexico State Representative)
Honorable J. Paul Taylor (New Mexico State Representative)
Honorable Ralph Hartman (New Mexico State Representative)
Honorable Mary Thompson (New Mexico State Representative)
Honorable G.X. McSherry (New Mexico State Representative)
Honorable H. Tati Santiesteban (Texas State Senator)
Honorable Nancy McDonald (Texas State Senator)
Honorable Jack Vowell (Texas State Senator)
Honorable Arves Jones (Texas State Representative)
Honorable Paul Moreno (Texas State Representative)
Honorable Nick Perez (Texas State Representative)
Honorable Bill Sims (Texas State Representative)

LOCAL ORGANIZATIONS

Sierra Club
National Wildlife Federation
National Audubon Society
Environmental Defense Fund
New Mexico State Heritage Program
El Paso Chamber of Commerce
Las Cuces Chamber of Commerce
Aldmogordo Chamber of Commerce
Socorro Chamber of Commerce
Albuquerque Chamber of Commerce

8. EIS Milestones

The Draft EIS was filed with the U.S. Environmental Protection Agency (EPA) on
23 September 1986. A Notice of Availability was published in the Federal
Register on 3 October 1986, which began the 45-day public review and comment
period. Comments on the Draft EIS were accepted until 21 November 1986, or
made orally at the public hearings. Responses to these comments are presented
in Section VI, Public Involvement, of the FEIS.
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I. PURPOSE AND NEED

A. Introduction

The U.S. Army Strategic Defense Command (USASDC) is proposing to construct and
operate a Ground Based Free Electron Laser Technology Integration Experiment
(GBFEL-IIE) at White Sands Missile Range, New Mexico. The proposed GBFEL-TIE
would be divided into two stages (i.e., low power and high power phases). The
purpose of this document is to assist in the selection of a site which would
be used for both phases. Like many large military projects, the GBFEL-TIE
will require a sequence of decisions, with the results of the early decisions
providing input for the later decisions. In this project, the initial
decision is the selection of the optimum site for the facility; once that
decision is made, then informed site-specific design choices can be made, such
as the optimum choices regarding electrical power and other utilities. After
the results from the initial (low power) experiments are available, informed
choices can be made on the detailed design of the high power experiments.
Therefore, a "tiered" environmental analysis approach has been adopted as
allowed by the Council on Environmental Quality's regulations for situations
such as this (40 CFR 1502.20). The initial tier, represented by this EIS,
provides input to the site selection decision, which will not be finalized
until this EIS is completed. In order to provide for an adequately informed
decision, this EIS compares the potential environmental impacts of both
projert phases at each of three alternative sites. As part of the comparison
of the three sites, the potential impacts of various utility and road access
corridors at the three sites are also compared. Once the site selection has
been made, however, a second "tier" of environmental analysis, along with more
detailed design engineering work, will focus on those project aspects which
are then ripe for decisions, such as identifying the optimum utility and
access alignments at the selected site.

B. Background

White Sands Missile Range (WSMR) is located in south central New Mexico
approximately 45 miles north of El Paso, Texas and 20 miles east of Las
Cruces, New Mexico. WSMR encompasses about 4,000 square miles (i.e., 100
miles long x 40 miles wide) and is oriented in a north-south direction (Figure
I-i). The range was established in 1945 as White Sands Proving Ground, but
was later (1958) renamed White Sands Missile Range(i).

WSMR supports test and development programs for the Army, Navy, Air Force,
other U.S. Department of Defense (DOD) agencies. NASA and foreign governments.
WSMR presently supports over 80 such programs which include research and
development of defense systems as well as limited field training exercises.
Contained within the WSMR boundary are the White Sands National Monument and
the San Andres National Wildlife Refuge (NWR), both of which are operated by
the U.S. Department of the Interior. A portion of the Jornada Experimental
Range, operated by the U.S. Department of Agriculture, is co-used with WSMR
(Figure 1-2).

C. Purpose and Need

1. Need

The President's Strategic Defense Initiative (SDI) is an extensive research
program that investigates potential strategic defense technologies that would
intercept and destroy enemy missiles. The proposed project is one experiment
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contained in the overall SDI program. Successful results from the GBFEL-TIE
would be used to develop laser technologies for potential use in future
defense systems. These and other similar experiments will provide data to a
future Congress and a future President to assist in a decision as to the
feasibility of a strategic defense.

2. Purpose

The term laser is an acronym for Light Amplification by Stimulated Emission of
Radiation. Because light energies produced by laser devices travel at nearly
uniform frequencies and wavelengths, the beam remains uniform for long
distances and can be focused onto a specific point with enormous intensity.

Generally, lasers contain a material (e.g., crystal, liquid, or gas) which is
excited to an altered state, causing the material to emit particles of light
(i.e., photons). However, in order to achieve the high power desired for the
proposed experiments, a free electron laser (FEL) is required, which produces
photons by manipulating electrons rather than exciting a crystal or other
material. FELs work by decelerating pulses of electrons in the presence of an
intense beam of light. As the electrons are decelerated, they lose energy in
the form of photons. These energies are transferred to the existing beam of
light, thereby increasing its intensity.

The GBFEL-TIE would demonstrate the generation and control of the propagation

of a laser beam in the near infrared spectrum with extremely high energies(2).

The ultimate objective of this project is to successfully demonstrate that a
short wavelength, high energy laser beam can be propagated from a ground based
facility and then directed through the atmosphere to diagnostic test targets
without significant reductions in the beam quality and energy levels. Three
interim technical goals would be achieved in order to meet this objective.
These goals are discussed in more detail in the following paragraphs.

a. Goal 1. Develop an Understanding
of Atmospheric and Laser Physics

Three atmospheric conditions which present problems in designing and operating
ground based laser systems are: (1) atmospheric turbulence, (2) thermal
blooming and (3) Stimulated Raman Scattering (SRS). These effects can be
either beneficial or adverse depending upon the laser's energy levels,
wavelength, or pulse length. The combined relationship of these three
phenomena is not well understood and, in some cases, the individual effect is
not completely understood.

Atmospheric turbulence is controlled by wind, temperature, humidity and many
other factors. Turbulence effects on a propagating laser beam are presently
difficult to predict, but they are known for certain to have a strong effect
on the laser's energy as it passes through the atmosphere.

Thermal blooming is the rapid heating of the air due to the deposition of
laser energy during propagation. Thermal blooming could redirect some of the
laser's energy away from the desired path. This effect is also presently
difficult to correct because the corrective measures may cause more heating in
different strata of the air which, in turn, may cause aberrations that would
require further corrections.
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Stimulated Raman Scattering (SRS) is produced when energy from the laser beam
is absorbed by the atoms in the air and re-radiated in several wavelengths and
directions. The amount of scattering is dependent upon the absorbing medium,
as well as the intensity and wavelength of the laser beam.

The first interim goal would be to develop a better understanding of the ways
these phenomena affect propagation of the laser beam.

b. Goal 2. Develop and Refine
Technology for Adaptive Optics

Optics (e.g., mirrors, lens, telescopes, etc.) and sensors would be
incorporated to the GBFEL-TIE to determine the atmospheric degradation effects
on the laser beam prior to directing the beam through the atmosphere and to
compensate or adjust the beam to overcome these effects. The proposed
GBFEL-TIE would develop and refine adaptive optic components and methodologies
required to adequately correct or adjust the beam. Specifically, technologies
would be investigated in the areas of deformable mirrors, wave front sensing,
and control systems that would be able to withstand extreme energies and
rapidly provide the required adjustments.

c. Goal 3. Develop and Refine Technology
for High Power 'aser Systems

Turbulence, thermal blooming and other associated factors described above
affect only high power lasers; thus, a high power laser is required to
investigate these and other potential effects.

Results from this experiment would provide an indication of the physical,
economic and technical limitations of a ground based laser concept. In
addition, designs and construction techniques could be further refined.

D. Project Description

1. Project Location

Three sites were considered as potential locations for the proposed laser
facility: (1) north of the NASA White Sands Test Facility, (2) south of the
Stallion Range Camp and (3) west of the Orogrande Range Camp. These sites are
located within the boundaries of WSMR as depicted in Figure 1-3. The sites
were selected from a total of 14 potential sites. The criteria used in this
selection process are discussed in the following section, Comparison of
Alternatives. The proposed laser facility and associated security areas,
ancillary structures, etc. would generally encompass an area approximately 3.2
km wide and 16 km long. A ground targlt range would require an additional
area of about 8.8 km x 2.0 km. The orientation of the facilities at each
potential site is illustrated in Figures 1-4, 1-5 and 1-6, rE.,pectively.

2. Project Schedule

The GBFEL-TIE is presently scheduled to commence construction by mid-1987.
Construction is anticipated to require two to three years for Phase I, and
approximately four years for Phase 11. The experiments would begin in the
early 1g9Os. The experiments would be divided into low power and high power
phases, as described below. Figure I-7 illustrates the proposed schedule for
construction and operation of the GBFE'-TIE.
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a. Low Power

The goal of the first phase of the proposed program would be to accomplish
initial "uplink" experiments; that is, directing the beam to an atmospheric
test platform to measure and demonstrate the laser's capabilities.
Experiments would be conducted during this phase to investigate solutions to
key atmospheric effects such as turbulence, thermal blooming and SRS. This
phase would also investigate the concerns associated with mirrors and optics
technology, pulse duration, as well as control of the adaptive optics
components. The results of these tests would be used to determine the need
for and potentially guide the development of the second, high power phase of
the experiment.

b. High Power

Tho second phase in the proposed GBFEL-TIE program would demonstrate high
pow-er atmospheric propagation of the laser beam. The existing low power laser
facilities would be upgraded to meet the requirements of the high power
experiment. A larger beam director would be developed and incorporated to
provide optics compatible with the higher power laser. The beam control
system would also be scaled and upgraded to accommodate the higher energies
and greater number of control subapertures needed for atmospheric correction
of the new system. A new high power beam control facility would be
constructed to house the new beam director and beam train consistent with the
overall GBFEL-TIE facility design. These components of the laser system are
described in detail under Laser Description.

The principal experiment to be conducted during this testing phase would be
the demonstration of all the functions and equipment required to produce and
successfully propagate a high power laser beam through a turbulent atmosphere
to a specified target. While this EIS identifies and evaluates the impacts of
both phases in as much detail as the present state of project design allows,
environmental analyses will be a continuing effort during the design of the
high power phase. Appropriate additional environmental documentation will be
prepared to assist decision making regarding Phase II.

3. Laser Description

An artist's conception of the layout of the GBFEL.-TIE is presented in Figure
1-8. The facility can be divided into two major components, the laser and the
beam control system. The laser is further divided into five subcomponents:
(1) electron injector, (2) linear accelerator, (3) wiggler, (4) energy
recovery/electron beam dump and (5) resonator/diffraction tunnel. The beam
control system consists of the adaptive optics and beam director. Each of
these subcomponents is described in detail in the following paragraphs.

a. Electron Injector

The electron injector provides free electrons to the laser system by driving
electrons from a hot plate called a cathode. A high voltage pulse heats the
cathode. At the same time the cathode is charged, another plate called the
anode is also pulsed with a high voltage. The anode attracts the electrons
from the cathode, causing the electrons to discharge. This discharge of
electrons is then focused into a be3m. using magnets. The beam exits the
injector and enters the linear accelerator.
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b. Linear Accelerator

There are two types of accelerators which are being considered for use in the
GBFEL-TIE -- a radio frequency linear accelerator and an induction linear
accelerator. The two types produce different effects for a few parameters, as
highlighted below under the individual descriptions of the two types of
accelerators.

(1) Radio Frequency Linear Accelerator

In the Radio Frequency linear accelerator (RF linac) radio frequency
electromagnetic fields are applied to a specially designed cavity. These
electromagnetic fields interact with pulsed bunches of electrons from the
injector resulting in acceleration and focusing of the electrons through the
cavity. By putting many of these cavities in line the process can be repeated
and additional velocity added to the electron beam.

RF linacs provide a small beam current when compared to the Induction Linear
Accelerators, but it is a steady stream (there are many hundreds of millions
of short pulses one billionth of a second long). This produces a low gain
laser and requires the use of an optical resonator (mirrors) to increase the
laser power.

The resonator is a feedback system which increases the intensity of the beam
produced in the RF linac. The beam output of the wiggler (described later) is
directed by parabolic and hyperbolic mirrors back to the input of the wiggler,
at the end of the RF linac. The "feedback" beam reenters the wiggler along
with the next pulse of electrons from the RF linac. At each pass more energy
in the form of photons would be added. The result would be a high intensity
output beam.

(2) Induction Linear Accelerator

The Induction linear accelerator (Induction linac) receives its electrons from
the electron injector and proceeds to increase the electrons' velocity. A
series of electrical magnets which lie in a special cavity (i.e., cell) pull
the electrons through the accelerator tunnel, increasing the electrons'
velocity as they travel down the cell. Prior to the electrons entering the
cell, the magnets are turned on to produce electromagnetic fields. At the
moment the electrons enter the cell, a high voltage generated by specially
designed pulse transformers is applied across the cell. At first, the high
magnetic fields prevent a large electron beam current from flowing. While the
voltage is still impressed across the cell, the magnetic field is reduced,
causing the beam current to increase. When the fields are at a minimum, the
electron beam attains its highest acceleration. By aligning many of these
cells into modules and providing variable voltages at the right time, the beam
of electrons increases its velocity as it travels through the accelerator.

In addition to the magnets whose fields vary with time, static magnets are
located along the accelerator length to guide the beam from one cell to the
next.

A master oscillator/power amplifier (MOPA) is situated at the end of the
Induction linac and is used to increase the intensity of the laser beam. The

MOPA is a relatively small laser whose light is amplified in the wiggler.
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The beam of light from the master oscillator is mixed with the electron beam
from the Induction linac before they enter the wiggler. The photon energy
produced by the electron beam adds to the photon stream as they both travel
through the wiggler. Thus, the net effect is the intense light beam at the
output of the wiggler, discussed below.

c. Wiggler

In order to release radiation (light) from the beam of electrons, it is
necessary to perturb their motion. The accelerated electrons enter a device
called a wiggler (or undulator) where magnets cause the electrons to move back
and forth (i.e., wiggle). This transverse movement causes the electrons to
lose energy in the form of photons. The wavelength (color) and efficiency of
the electron energy conversion can be controlled by manipulating strength and
spatial period of the magnetic field.

d. The Electron Beam Dump

The output beam exiting the wiggler is a mixture of electrons and photons.
The beam directed through the atmosphere must consist of only photons; thus,
the electrons in the beam must be removed. These electrons are separated out
by bending magnets and routed down a short tunnel under vacuum to the electron
beam dump. The beam dump will be encased in concrete and consist of a heavy
block of material such as graphite or lead which can handle the heat caused by
the bombarding electrons. The designs proposed for electron beam dumps
consist of large cylindrical steel or aluminum tanks. The tank is attached to
the beam transport tube by a vacuum tight flange at one end. It is isolated
from the vacuum in the laser and electron beam tube by a thin sheet of
beryllium. Typical beam dump dimensions depend on the amount of energy which
must be absorbed and can range to 10 or more feet in diameter with lengths of
15 or more feet. Inside the tank, on the other side of the beryllium window
is the electron energy absorption material, typically sheets of graphite
several inches thick and thin sheets of aluminum which separate the graphite
sheet from water which flows around each layer of aluminum clad graphite. The
water cools the graphite blocks.

The beam dump is -iounted off to the side of the accelerator. This location
may be a room with added shielding and will contain the beam dump cooling
water circulation system. This cooling system is a closed loop system with
filter and ion exchange resins to remove any material dissolved in the water.
These resins become radioactive after a time because of the radioactive
components produced in the beam dump. The room around the beam dump must be
large enough for maintenance and must have adequate space to remove the beam
dump if this ever becomes necessary. The electron beam energies are absorbed
by the dump. In some applications (i.e., RF linac) the electron beam energy
is recovered and reused for an increase in laser efficiency. The remaining
photon beam then passes through tQ the diffraction tunnel discussed below.

e. Diffraction Tunnel

The beam leaving the wiggler of the induction type laser is no larger than the
diameter of a pencil. In order to produce a safe energy density on the
optics, the beam's diameter would be enlarged by allowing it to naturally
expand through a long shielded diffraction tunnel. The induction linac would
require a diffraction tunnel approximately five km long and approximately two
meters in diameter. The beam tube in the tunnel would be operated in a
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vacuum. Access points for maintenance/repair of the tunnel would also be
constructed at various locations along the diffraction tunnel. The RF linac
would not require a diffraction tunnel since it uses a resonator which
produces a beam with a larger diameter.

f. Adaptive Optics

Adaptive optics are required in order to correct for atmospheric effects
(e.g., turbulence, thermal blooming, etc.). The adaptive optics correct the
beam by changing the laser's light to have properties opposite to the
distortions the air would have on the beam. In optical terms this is called
"phase conjugation".

To make these corrections, the Adaptive Optics System measures the distortion
in the path between it and the target, such as a rocket, using the light from
a beacon (Figures 1-9 and 1-10). The beacon light which travels down the beam
path is received at the laser and the distortion caused by its trip is
measured with a wave front sensor. A computer calculates the reverse of these
distortions and gives commands to a mirror which can change its shape (i.e.,
deformable). When the laser light reflects off the deformable mirror it picks
up the reverse distortions it will encounter on its trip through the
atmosphere. As the laser beam goes through the atmospheric distortions, its
reverse distortions are removed and the beam emerges at the top of the
atmosphere with the greatest amount of coherence.

g. Beam Director

The beam director contains the mirrors and lenses which receive the laser beam
from the adaptive optics and transmit the beam to air, ground, or space
diagnostic targets. The beam director for the low power experiment is a few
meters in diameter, but the diameter of the high power beam director may be
several times larger.

4. Test Scheduling

It is anticipated that one to two tests per day would be conducted; however, a
maximum of six per day may be performed with a maximum of about 840 tests per
year. Duration of laser beam generation for each test would be no more than
60 seconds. Each test series may require up to two weeks, followed by an
analysis period during which time the results of each test would be analyzed
and any maintenance and/or adjustments to the system would be performed. This
analysis period would require from one to six weeks. The actual number of
test series conducted each year would depend upon climatic conditions, the
ability of the beam control system mirrors to withstand the intense energies,
and results from previous tests which could indicate that system
adjustments/modifications are required. However, it is presently anticipated
that five to 10 test series would be conducted within a typical year
(approximately 280 tests per year).

5. Diagnostic Targets

The proposed GBFEL-TIE would utilize diagnostic targets at ground level and
subsequently, airborne and space orbiting targets. Each of the target types
is discussed below.
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a. Ground Targets

During tests requiring ground targets, the beam director would aim the laser
beam horizontally. The ground target test range would occupy an area of about
2 x 9 km, which would contain several beam receiver (target) sites located at
various distances from the beam director. Each receiver site would contain a
target board and a backstop to prevent emission of stray light beyond the
receiver site. The target boards would be mounted to a stationary test stand.

The backstop and large sections of the target boards would consist of a
material such as carbon cloth or graphite blocks. These structures would
absorb the beam energy and convert it to heat. A building would be
constructed around each target to contain any energy scattered by the targets.
An aperture in the face of this building would be large enough to collect 99.9
percent of the beam; the remainder would be absorbed by the face of the
building. The depth of the building would be designed to prevent 99.9 percent
of the scattered light from the target or backstops from exiting the building.
The small amount of scattered energy that escapes the building would be well
below the maximum permissible exposure threshold for eye safety outside the
one km safety zone. The entire test range would be surrounded by a fence.

The GBFEL-TIE laser beam would produce only thermal effects, and no residual
ionizing radiati.on or ionization to the ground targets, backstops, or
surrounding air would be expected. Disposal of target boards or other
equipment damaged by overheating would be conducted in accordance with the
approved solid waste plan.

b. Airborne Targets

Airborne targets may utilize balloons, drones, or small probe rockets. The
probe rockets would have a beacon pointed toward the GBFEL-TIE site. The
rocket would have a line array of detectors down its side to measure the beam
intensity. The target board would be pointed at the GBFEL-TIE by the inertial
navigation system of the rocket. The target board payload would be recovered
by parachute after the test. The GBFEP-TIE would fire only when the rocket is
above an angle of 45 degrees to the local horizon. Many of these tests would
be conducted with the GBFEL-TIE at less than full power to prevent damage to
the recoverable payload.

Each test would be scheduled through WSMR's National Range (NR) Directorate to
insure that proper airspace restrictions are implemented. In addition, launch
sites and impact areas would be coordinated through and approved by NR, as
well as the systems designed to terminate or recover airborne targets.

c. Space Targets

The space target would consist of a circular target board mounted onto a
satellite or a large flat carbon cloth plate mounted on the end of a boom
projecting from a satellite. The satellite would orbit at an altitude of 300
to 500 km with an orbital inclination of 35 to 40 degrees. As in the case of
the airborne targets, airspace would be restricted and controlled through WSMR
NR. The beam would leave the controlled airspace at a minimum altitude of
60,000 feet above mean sea level (MSL).
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6. Test Sequence

The proposed test sequence would begin with numerous system checks conducted
on various components to assure that all safety, communication, thermal,
mechanical and electrical elements are operating properly. Once the system
checkout is completed, ground target tests would commence at less than full
power and increase in a series of steps during subsequent tests as the ability
of the optics to correct for atmospheric aberrations and control of the beam
energies improves. Ground testing and the necessary refinements of the
adaptive optics and beam director could require six to eight months.

Upon successful completion of the ground target tests, the airborne target
test series would start. These series would initially consist of
demonstrating the beam director's ability to passively track (i.e., no FEL
beam energy) a slow moving, airborne target (e.g., balloon, remote controlled
drone, etc.). Once this ability is successfully demonstrated, the test series
would begin to evaluate the ability to actively track various target types
with a low power level beam and progressively increase the beam energy levels
as well as the target's speeds and distances through sequential successful
tests. Airborne targets are not presently expected to contain live munitions
or explosives.

The final test series would utilize space satellite targets to ,neasure and
evaluate the equipment performance. Ground targets would first be used to
check various components and subsystems immediately prior to satellite
flyover. During the first few passes of the satellite, the beam director
would only passively track the target and then begin to illuminate it with a
low energy laser beam. The power of the beam would be increased in a step
series as each sequential test successfully demonstrated the ability to
propagate the beam through the atmosphere.

7. Power Requirements

Power requirements for base facility load and pre-test conditions would be
approximately 60-100 megawatts for both the low and high power phases. This
base load would be provided from the existing commercial transmission power
grid.

Instantaneous peak pulse power requirements for the low and high power phases
of the proposed GBFEL-TIE are not yet precisely known. Phase I peak pulse
power requirements are expected to be between 300 and 600 megawatts, and
studies conducted to date indicate that this requirement can be handled by the
cominercial power grid. Phase II peak pulse power requirements are more
difficult to define at present, but could range from 500 to 1,000 megawatts.

Present planning would call for use of grid power in phase I. Phase II pulse
power requirements would be supplied from the grid, on-site energy storage
systems, on-site power generation systems, or a combination of the three.

A stand-by system for on-site power generation may be necessary to prevent
damage to system components in the event of a power failure during a lasing
experiment. The best current estimate indicates an initial load of 20
megawatts to ensure orderly shutdown of the system. Four 5-megawatt
generators would be operational only during experimental testing runs and/or
diagnostic test of subsystems.
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8. Personnel Requirements

As can be seen from Table I-I, there are two distinct construction peaks
predicted. The larger of the two would occur in 1992, assuming Phase II is
undertaken. The number of laborers, including electricians, masons,
construction equipment operators, carpenters, etc., is predicted to rise, fall
and rise again before completely falling off at the end of the project. The
majority of construction labor personnel are expected to come from local
sources until the fifth year (Phase II) of the project, after which about half
is predicted to be local and half non-local. The estimated socioeconomic
effects of the influx of these non-local workers are presented in Section IV
of this report.

The number of operations personnel required is predicted to increase steadily
to a plateau of 400-500 workers by 1992. Most of these would be highly
technical personnel with expertise in laser and optics design and operation.

9. Water Requirements

During the operational phase, the total water requirement would be about 1,000
gallons per minute (gpm) of water, not exceeding 700 parts per million (ppm)
total dissolved solids (tds).

This represents a maximum demand of 1,400 acre-feet per year and includes
industrial (cooling) as well as domestic (drinking/sanitary) needs. Cooling
water requirements could be reduced if an air cooling system is used on those
days/nights when ambient air temperatures drop below 750 F. The total water
demand during the high power phase, however, may increase if a power
generation plant is required to meet the peak power demands during this phase.

10. Construction Materials Requirement

The following is a list of construction materials and amount, by type, that
are estimated to be required by the proposed GBFEL-TIE.

(1) 75,000 tons of aggregate
(2) 78,000 cubic yards of concrete
(3) 34,000 tons of asphaltic concrete
(4) 4,000 tons of structural steel
(5) 16,000 tons of rebar
(6) 42 acres of metal roofing and siding
(7) 9,000 concrete masonary blocks (8x8x16)
(8) 31,000 linear feet of elliptical

corrugated steel

All of these materials are available from local contractors and/or
distributors. A quarry may be required at the North of NASA site. It should
be noted that these data are estimates of the requirements for the actual
facility only and do not include material requirements for parking lots and
access roads. Materials that are excavated during the construction of the
beam tunnel, etc., may be used for construction of ancillary facilities (e.g.,
parking lots, sewage lagoons) or used in landscaping surrounding areas.
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11. Ancillary Facilities

a. Sewage Treatment

Two potential sources of industrial wastewater and one source of domestic
sewerage would occur at the GBFEL-TIE project site. These sources and the
proposed treatment systems are described in the following paragraphs.

(1) Industrial Wastewater

An evaporative cooling systec consisting of ,tiultiple induced or forced draft
cooling towers (typically 10 m x 5 m x 10 m each) would be used to produce
cool water for use in heat exchangers to cool the accelerator, electrical
transformers and optical system. Wastewater from the evaporative cooling
system would be produced at a rate of 75 gpm; stabilized chlorine would be
added as a biocide at a rate of one pound per 10,000 gallons. The wastewater
would be discharged to an evaporation pond and would require no additional
treatment. The pond would be approximately 18 acres in size and would be
lined, according to EPA regulations. Any discharge would be required to
comply with New Mexico Water Quality Control Commission Regulations.

The other potential source of industrial wastewater is the closed loop heat
exchanger system required to cool the accelerator, electrical transformers and
optical system. Approximately 3,000 parts per million (ppm) benzotriazole and
1,500 ppm benzoic acid would be added as biocides to the cooling water in the
optics heat exchange. This cooling system would be a non-contact closed
system and thus would not generate industrial wastewater except during routine
maintenance and/or inadvertent leaks or spills. During these situations the
wastewater would be discharged into a separate evaporation pond. This pond
would be approximately two acres in size and would be lined according to EPA
regulations. Residues from the pond would be removed periodically and
disposed of in accordance with the approved WSMR solid waste management plan.

A high grade, PCB-free transformer oil would also be used to cool the
accelerator and electrical transformers. This oil could mix with the cooling
water if a seal within the heat exchanger malfunctions. The water/oil mixture
would then be discharged into storage tanks for proper treatment and disposal.

None of these industrial wastewaters will contain radioactive materials.

(2) Domestic Wastewater

During the initial construction phase, portable latrines would be provided.
These latrines would be routinely maintained and serviced by approved and
licensed contractor(s). All sewerage waste would be disposed off-site in
accordance with State of New Mexico regulations.

During the operation of the GBFEL-TIE project, a maximum of 500 people would
be on-site and thus would produce daily up to 25,000 gallons (50 gallons per
person per day) of domestic wastewater. Commercially available treatment
package plants would be installed to treat this wastewater, if required by EPA
or New Mexico Environmental Improvement Division (EID).

b. Solid Wastes

WSMR presently maintains a 50-60 acre landfill which is expected to reach its
capacity, under current fill rate, within 50 years. Construction wastes
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(e.g., scrap lumber and concrete) from the proposed GBFEL-TIE would
significantly reduce this capacity; therefore, such wastes would be buried
on-site at a landfill constructed within suitable soil types. The landfill
would be closed out, covered and reseeded upon completion of construction
activities. No hazardous or toxic wastes (e.g., oil filters) would be
discarded in the landfill; toxic wastes generated during construction
activities would be properly disposed of in accordance with EPA and State of
New Mexico regulations. Excavated materials, as mentioned previously, would
be used on-site for construction of ancillary facilities and landscaping,
where practical.

Solid wastes generated during the operation and maintenance of the proposed
project would be collected and disposed of by approved and licensed
contractor(s) in accordance with State of New Mexico regulations.

c. Water Treatment

It is presently envisioned that no treatment facilities would be required,
except for chlorination for drinking water and a possible deionization system
that would be used for the closed loop cooling system as discussed previously.

d. Power Generation/Storage

The peak pulse power demand for both the low and high power phases would be
assessed for the potential of supplying these demands from the existing
commercial power grid within the region. Consideration would be given to
on-site generation and/or energy storage devices to provide all the necessary
power or to supplement the deficiency of the existing power grid.

Possible methods of generation/energy storage devices presently being
evaluated include, but are not limited to: super-conducting magnetic storage
devices, batteries, fuel cells, diesel/gas fired turbines, fossil fuel
generation plant and flywheels. Nuclear power is not being considered as a
viable generation alternative. Four 5-megawatt generators may be operated
during each test for stand-by emergency power to prevent damage to certain
laser components.

A separate environmental analysis of the power generation/energy storage

devices would be conducted.

e. Power Transmission Lines

As discussed previously, the power demand for the low and high power phases
could possibly be met from the existing grid of power transmission lines.
Existing lines large enough (i.e., 345 kv) to adequately supply the required
power for Phase I are depicted in Figure I-11. Construction of transmission
lines from this grid to the selected site would be required, however.
Potential corridors for power lines to each site are discussed in Section I1,
Comparison of Alternatives.

f. Road and Railroad Requirements

Roads would have to be constructed to each site to allow adequate and
controlled access as well as accommodate freight and shipping lines. In
addition, railroad spurs may also have to be constructed to accommodate
shipping of heavy equipment. A discussion of potential road and railroad
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corridors for each site are presented in Section II, Comparison of
Alternatives.

g. Communication Cables

Communication cables would be required to each site. It is presently expected
that these lines would be constructed immediately adjacent to the access roads
in order to avoid developing additional rights-of-way.

E. Potential Program Conflicts

Potential conflicts with other existing and proposed WSMR programs could occur
at all three sites upon implementation of the proposed GBFEL-TIE. The U.S.
Air Force (USAF) is currently investigating the possibility of deploying the
Small Intercontinental Ballistic Missile (SICBM) program to WSMR. Each of the

* proposed sites under consideration for the GBFEL-TIE is also a portion of the
deployment area proposed for the SICBM. The USAF has recently (November 1986)
prepared a Legislative EIS to address the proposed deployment.

1. Stallion

The Stallion site and surrounding areas are frequently used as impact areas
for long range and strategic missile firings (e.g., Pershing). This area is
frequently used for missile firings that utilize large dispersion areas,
requiring evacuation and use of lands adjacent to the northwestern boundary of
WSMR. These missile firings require the closure of range roads 5 and 7. Long
range trajectories (from firing sites on Green Mountain, Utah and Mt. Home,
Idaho) overfly the proposed site. Although not currently in use, these
trajectories are a unique WSMR asset. The Defense Nuclear Agency (DNA)
utilizes an area approximately 16 km southeast of the Stallion site as a
permanent high explosive area to simulate blast effects for various research
and development projects. Holloman Air Force Base (AFB) and Kirtland AFB also
use the same general area as DNA as an aircraft training range. These
programs may require scenario modification or be eliminated, reduced or
required to move to other areas if GBFEL-TIE were located at Stallion. In
addition, U.S. Army Missile Command's Multiple Launch Rocket System (M1_RS)
program is presently attempting to obtain approval to use the Stallion Warhead
Impact Target (WIT) area, located at the southern end of the Stallion site,
for missile firings from a launch area under construction approximately 5.6 km
southwest of Stallion Range Center. Some of the missiles launched by the MLRS
would contain live munitions. The Stallion WIT is also used for LANCE missile
tests but from other firing sites.

Radio frequency (RF) and electromagnetic (EM) emissions could possibly
conflict with the National Radio Astronomical Observatory Very Large Array
(VLA) facility located west of Socorro, New Mexico, although studies to date
show that proper design and installation of RFI and EMI shielding of GBFEL-TIE

* facilities will preclude interference to the VLA.

Additionally, the USAF currently conducts air combat maneuver training in the
Stallion area. Potential effects on operations utilizing Air Combat
Maneuvering Instrumentation (ACMI) include loss of approximately 20 percent of
the WSMR areas used approximately 10 percent of the normal range time.
Approximately 850-900 sorties per year could be affected by either being moved
to adjacent areas or by being subjected to additional scheduling constraints.

1-25



Use of Stallion site could also conflict with NASA's high altitude sounding
rocket program in terms of requiring additional risk to be taken by GBFEL-TIE
for certain NASA launches. A new SDI program, EXCEDE III, proposes use of a
launch site which overflies the Stallion site. Field training exercises are
also periodically conducted in the Stallion vicinity and would probably have
to be relocated.

2. North of NASA

The North of NASA site has several potential conflicts in the immediate area.
There would be a possibility of interference with NASA's Telemetry Data Relay
Satellite System (TDRSS) with radio frequency (RF) and electromagnetic
emissions (EM) from GBFEL-TIE. Present indications are that RFI and EMI
generated will be contained on-site by proper shielding built into the
facilities. Use of this site would also conflict with two on-going missile
programs. One of these is the U.S. Navy Vandal missile and the other is
NASA's high altitude sounding rocket program. Further, the North of NASA site
lies within the YONDER aerial gunnery training range, used by U.S. Air Force
for training from Holloman Air Force Base. Increased airspace restrictions
caused by the GBFEL-TIE could lead to an adverse impact on this defense
training operation.

Over 12,000 acres (approximately half) of Jornada Experimental Range's Pasture
19 would be encompassed by the North of NASA site and thus eliminated from
future grazing and other research programs. In addition, the North of NASA
site may cause conflicts with the San Andres National Wildlife Refuge by
further limiting air and land access to the refuge.

3. Orogrande

An area just west of the Orogrande site is overflown by Pershing 1A missiles
during test firings. Although no direct impact is expected, there is reduced
reaction time for flight safety personnel and potential for premature
destruction of a missile should it appear to stray toward the GBFE'-TIE.

The area encompassed by the proposed GBFEL-TIE Orogrande site is used for
field training exercise conducted by the U.S. Readiness Command and other
agencies. Such exercises in this area would possibly be precluded or limited
if the Orogrande site is selected. Firings at various launch sites along Nike
Boulevard require the road to be closed for periods ranging from one to two
hours. These closures occur frequently, often more than once daily. Such
closures may interfere with construction and operation of the proposed
GBFEL-TIE. The Office of the Test Directorate (OTD) uses a laser range near
the Orogrande site for tests involving laser sensors and infrared
investigations. The RFI and EMI provided by the GBFEL-TIE could conflict with
OTD's programs. Also, NASA has expressed a concern that laser propagation
tests at Orogrande could interfere with their TDRSS operations. However,
recent studies indicate that the proper design and installation of RFI and EMI
shielding would preclude interferences with OTD and mission scheduling with
NASA would preclude possible interference with the TDRSS program.

The Vulnerability Assessment Laboratory (VAL) programs include sensitive
electronic equipment that EMI and RFI from GBFEL-TIE could possibly hinder.
Again, proper design and Installation of shielding should preclude
interference with VAL programs.
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Restrictions of airspace for GBFEL-TIE have the potential to conflict with
commercial aviation activities around WSMR. Additional restricted airspace,
if required, will be addressed in other environmental documentation and
approved by the Federal Aviation Administration (FAA). During the public
comment period, a concern was expressed about the Alamogordo-El Paso flight
corridor. Preliminary indications are that flights above 10,000 feet MSL may
have to be restricted, but only during periods of testing involving aerial and
extra-atmospheric targets. Should this or any other airspace need to be
restricted, it would be done on an as-needed, call-up basis similar to that
employed at the present time on the western and northern boundaries of White
Sands Missile Range.

On 10 January 1987, officials of WSMR stated that for present operations,
Stallion site was significantly inferior to North of NASA and Orogrande. For
foreseeable future operations, several programs could not be accomplished at
Stallion if that site were chosen.

F. Controversial or Unresolved Issues

The unresolved issues concerning this proposed project include:

o power and water transmission line, road and
potential railroad spur routes

o power generation/energy storage devices

General analyses of the impacts of such rights-of-way are included in this
document insofar as they are pertinent to selection of a project site. The
specific routes of the various facilities would be identified at a later date
after identification of specific sources and further design choices are made.
More investigations will be required concerning the best transmission line
route to use considering environmental, engineering and economic resources.

Data generated during the low power phase would aid in the determination of
peak power demands and the power generation/storage requirements for the high
power phase. As indicated above, this component of the proposed project would
be addressed in a subsequent environmental analysis.

Controversial issues may arise concerning rights-of-way and easements that
would be required from private and/or other public (i.e., USDI, USDA) agencies
for transmission lines, roads and possible railroad spurs. Potential
conflicts with other existing and/or proposed programs on WSMR and adjacent
USDA and USDI lands would also have to be resolved.

It is the intent of USASDC to proceed with the GBFEL-TIE as described in this
document, subject to the approval and support by the U.S. Congress and the
Administration. As in any major Federal program, part of the success of the
project is dependent upon adequate appropriations of funds. If funds were
eliminated by Congress after construction of the proposed project had
commenced, adverse socioeconomic effects could result. Such effects would
depend on the extent and timing of the project curtailment and the mitigation
measures and means available.
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II. COMPARISON OF ALTERNATIVES

A. Background

1. Treaty Considerations

In consideration of the 1972 Anti-Ballistic Missile (ABM) Treaty between the
United States and the Soviet Union, the Ground Based Laser project would be
located at White Sands Missile Range, New Mexico.

2. WSMR Constraints

As mentioned previously, WSMR currently supports over 80 Department of Defense
and other governmental programs. These existing activities and facilities
preclude using certain WSMR areas. Also, significant portions of lands
contained within the boundaries of WSMR, such as White Sands National Monument
and San Andres NWR, are not freely usable for major new facilities or
activities.

Initially, four criteria were used to identify potential GBFEL-TIE project
sites on WSMR: (1) WSMR location in reference to support facilities, (2)
compatibility with existing facilities and missions, (3) compatibility with
present and/or projected land use, and (4) topographic/areal acceptability.

As a result of these considerations, 14 areas within which the proposed
GBFEL-TIE could potentially be located were identified, as shown in Figure
II-1.

These potential sites were then screened and evaluated against 14 detailed
criteria, presented below:

1. I-and Area
2. Gypsum Deposits
3. Atmospheric Conditions
4. Experimental Issues
5. Program Conflicts
6. Safety
7. Environmental Considerations
8. Water Availability
9. Electrical Power Availability

10. Geology/Soils
11. Terrain Characteristics
12. Constructability
13. Security
14. Facility Support

These criteria were given a weighting factor and each potential site was
evaluated against each criterion(4). The Landfill, Small Missile Range and
North Oscura Peak sites were eliminated from further consideration because of
inadequate land area. Proximity to gypsum deposits eliminated the Three
Rivers, Test Track, HELSTF and Monument sites from further consideration. Of
the remaining sites, the Stallion, North of NASA, and Orogrande sites
represented the most reasonable range of alternatives and were carried forward
for detailed analyses. Evaluations of the three potential sites are
summarized in the following paragraphs and described in detail in Section IIl,
Affected Environment, and Section IV, Environmental Consequences.
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B. WSMR Alternative Sites Still Considered Viable

This subsection describes the potential impacts that would occur as a result
of constructing and operating the proposed GRFE'-T[E. For comparison
purposes, these discussions are presented in natrix form for the major
resource groups and provide only brief statements concerning the anticipated
consequences. Detailed evaluations of each parameter at each site are
contained in Section III, Affected Environment and Section IV, Environmental
Consequences. Policies and measures that are employed by WSMR or that would
be implemented in order to mitigate or obviate adverse consequences are
discussed in Section V, Mitigation Measures.

1. Physical Resources

For the purpose of this presentation, climate, soils, geology, and air quality
are grouped as physical resources. Potential impacts to these parameters at
each site are summarized in Table I-1. As can be seen from this table,
existing climate and air quality at each of the sites is in the acceptable
range of the proposed GBFEL-TIE requirements with no one site being more
favorable under normal conditions. The sites are all geologically acceptable
from an engineering/construction standpoint. The Stallion site is in a risk
three seismic zone, which is in a greater risk zone than the other two sites.
North of NASA site is in a risk two zone and Orogrande is on the zone one/zone
two border. Soils at the Stallion site exhibit a hazard for wind erosion.
Soils at Orogrande and North of NASA sites have a greater hazard for wind
erosion than at Stallion. Soil leveling and resurfacing associated with
roads, pipelines, powerlines and railroads would impact a minimum of 800 acres
at the Stallion site. The North of NASA and Orogrande sites would impact a
about 740 acres and 260 acres, respectively.

2. Biological and Cultural Resources

Potential impacts to biological and cultural resources at each site are
briefly discussed in Table 11-2. Approximately 2,500 acres of various habitat
types would be destroyed at any of the sites due to construction of the laser
facility, parking lots, sewerage lagoons, etc. Additional acreage would also
be restricted at each site due to fences. The acreage that would be enclosed
would be about 17,200 (Stallion); 15,500 (North of NASA); and 16,000
(Orogrande). More habitats would also be destroyed or altered at the
Stallion site than at the other two sites due to construction requirements for
transmission lines, roads and possible railroad spurs. Consequent effects
would occur on wildlife in proportional magnitudes. Elimination of grasslands
at the Stallion site would adversely affect pronghorn; existing suitable
habitat at Orogrande would be made unavailable to gemsbok. There is a greater
potential to adversely affect threatened or endangered species (Federal and
State of New Mexico) at the Stallion and North of NASA sites. Siting of the
GBFEL-TIE at the North of NASA site would adversely affect the desert bighorn
sheep, in particular.

The cultural impact is a function of both the areas disturbed and the density
of archeological sites involved. Based on sample data indicating densities of
cultural sites, impacts to cultural resources were estimated. Table 11-2
presents impacts that would be expected from the facility and the minimum
lengths required by the utility ROWs. Again, additional impacts would occur
within the ground target test range but are not quantified here since the
exact dimensions and positions are not presently known and the facilities to
be constructed within the range have not been identified; however, the
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significance of resources in this area are expected to be consistent with the
degree of cultural impacts already identified for each site. The combined
impact area for the Stallion site would be about 65 acres. The North of NASA
site would be about 660 acres, while the Orogrande site would impact about 55
acres. The variation within each site is a function of the alternative method
of water supply. In any case, the North of NASA site's potential adverse
impact is an order of magnitude greater than would be expected at the other
two sites.

3. Water Resources

Eight alternatives have been identified for potential water supply at the
three sites. Each alternative would provide 1,400 acre-feet per year of
water. However, local ground water at both Stallion (Alternative 1A) and at
Orogrande (Alternative 6) would require desalinization to meet the projected
water quality criterion.

o Stallion:
Alternative 1 -- surface water from Elephant Butte

Reservoir
Alternative 1A-- ground water from Rio Grande

Alluvium
Alternative 2 -- ground water locally

o North of NASA:
Alternative 3 -- ground water from Jornada Del

Muerto
Alternative 4 -- "surface" water from Rio Grande

Valley

o Orogrande:
Alternative 5 -- ground water from Soledad wells

(new line to site)
Alternative 6 -- ground water locally
Alternative 7 -- ground water from Soledad wells

through WSMR post headquarters

The most cost effective water supply source at the Stallion site would be
ground water from the Rio Grande alluvium. The pipeline would be
approximately 43 km long, and would be contained within the corridor shown in
Figure 11-2.

The most cost effective source of water for the North of NASA site is a new
well field to be developed south of the Jornada Reserve Headquarters (see
Figure 11-3). This approach would require a pipeline approximately 10-23 km
in length, as shown in Figure 11-3.

The most cost effective source of water for the Orogrande site would be a new
well field in the Soledad Canyon aquifer, located approximately 16 km south of
the White Sands Headquarters area. Two methods of water delivery are under
consideration. One involves connection to the post headquarters water supply
system, requiring the construction of 16 km of new pipe, and the renovation of
26 km of existing pipe. The other choice would be a new pipeline direct to
the Orogrande site, approximately 32 km in lengkh. Potential corridors are
shown in Figure 11-4.
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Capital costs and yearly operations and maintenance costs have been estimated
for each alternative, and are shown in Table 11-3. None of the preferred
water supplies requires desalinization, therefore there are no desalinization
costs included in these figures. It can be seen that, with the exception of
the Orogrande (renovated pipeline) alternative, capital costs for development
of a water source are relatively similar at all three sites, with the North of
NASA alternative being the cheapest. Orogrande, on the other hand, has the
lowest O&M costs. The option to renovate the pipeline for the Orogrande site,
while clearly the most expensive, has been retained in the analysis because it
could provide substantial benefits to the WSMR installation, which would not
occur under any of the other scenarios.

4. Electrical Power Availability

Electrical power required for the GBFEL-TIE project could potentially be
satisfied from the existing power transmission line grid. Although existing
lines are large enough for Phase I, construction of hookup lines would be
required to connect the selected site to this grid. Figures 11-5 through 1I-7
present possible Phase I power line transmission corridors for the three
alternative sites. Table 11-4 presents, by site, each possible powerline
corridor, lengths of powerline and the entities controlling the land through
which the powerline would cross. Although the exact routes are not known at
present, it is anticipated that the new transmission lines would parallel
existing lines to the maximum extent practical. Construction of a power
transmission line may require a separate environmental analysis to assess
potential impacts from construction as well as operation and maintenance of
the transmission line(s). It should also be noted that even the shortest
routes available to the North of NASA and Stallion sites would require that
the 'Lransmission lines traverse other public (e.g., USDA, USDI) and/or private
lands(3). The Orogrande site transmission line corridor as shown in Figure
11-7 is contained within land controlled by the U.S. Department of the Army.

5. Road and Railroad Spur Requirements

The precise routes of the roads and potential rail spurs to any of the
proposed sites are not presently specified. However, Figures 11-8 through
II-10 present possible railroad and road corridors for Stallion, North of NASA
and Orogrande sites, respectively. Table 11-5 presents, by site, possible
corridor and the lengths of the railroad spur or road and the controlling land
entities. Access roads to the Stallion and Orogrande sites would be
relatively short (i.e., less than two km) and would be contained entirely
within WSMR; therefore, they are not illustrated in Figures 8 and 10.
Additionally, improvements to the existing WSMR road network may be required.

6. Socioeconomic Resources

The estimated impacts to the area's socioeconomic resources that would be
expected to occur upon implementation of the proposed GBFEL-TIE are presented
in Table 11-6. Labor force availability is approximately even for each site;
therefore, the projected number of incoming workers is the same for each.
Projected service demands are the same for each site. In the event that
Orogrande or North of NASA is selected, service demands are judged to be
within the capacities of the local systems. Construction of the GBFEL-TIE at
Stallion site would result in a predicted housing deficit (approximately 270
units) in the Socorro and Valencia Counties. The Socorro County school system
would have to accommodate a projected 12 percent increase in one year.

11-10
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Table 11-4

Possible Power Transmission
Corridors, by Site

STALLION SITE

Length (km) Controlling Entity

Corridor A 3.2 New Mexico
17.4 Pedro Almendaris Grant
8.4 BLM

21.4 DOD

Total 50.4

NORTH OF NASA SITE

Length (km) Controlling Entity

Corridor A 0.8 New Mexico
17.5 BLM
3.5 USDA/DOD (co-use)
3.5 DOD

Total 25.3

Corridor B 2.1 BLM
16.7 USDA
1.3 USDA/DOD (co-use)

Total 20.1

Corridor C 4.8 Private Land

3.2 BLM
23.5 USDA
7.7 USDA/DOD (co-use)

Total 39.2

OROGRANDE SITE

Length (km) Controlling Entity

Corridor A 16.1 DOD

Total 16.1
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Table 11-5

Possible Railroad Spur and/or Road Corridor
Alternatives by Site

Approximate
Length (km) Controlling Entity

STALlION SITE
Railroad 9.8 Pedro Almendaris Grant

8.4 BLM
3.2 New Mexico

21.4 DOD

Total 42.8

NORTH OF NASA SYTE
Railroad 3.2 New Mexico

25.9 BLM
3.1 USDA/DOD (co-use)
3.3 DOD

Total 35.5

Corridor A
Roads 1.6 New Mexico

29.3 BLM
4.0 USDA/DOD (co-use)
2.7 DOD

Total 37.6

Corridor B
Roads 6.9 Existing Right-of-Way

6.4 DOD
20.1 USDA/DOD (co-use)

Total 33.4

OROGRANDE SITE
Corridor A

Railroad 9.5 BLM
9.2 DOD

Total 18.7

Corridor B
Railroad 2.3 Private Land

4.5 BLM
2.3 New Mexico
1.4 DOD

Total 10.5

Corridor C
Railroad 10.9 DOD

2.7 BL-M

Total 13.6
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Impacts in other public service areas would not be severe for any area.
Transportation impacts would be roughly equivalent for each site, during the
construction phase.

7. Existing Programs

The potential impacts to currently existing programs and operations at WSMR
were determined for each site. Proposed programs which potentially impact
site areas were also evaluated. On 10 January 1987, officials of WSMR stated
that for present operations, Stallion was significantly inferior to North of
NASA and Orogrande. For foreseeable future operations, several programs could
not be accomplished at Stallion if that site were chosen. These potential
conflicts were discussed previously in Section I - Purpose and Need.

C. Environmentally Preferred Alternative

As shown in Tables II-1 through 11-3, 11-6 and summarized in Table 11-7, the
Orogrande site would have the least environmental impacts. Therefore, it is
the environmentally preferred site; this is one of several factors bearing on
USASDC's identification of its preferred site, as discussed below.

D. Agency Preferred Alternative

USASOC began the EIS process with no preference as to the site to be chosen.
The information on environmental impacts, developed during the preparation of
this EIS, was one of the major inputs into the identification of the preferred
alternative.

In this project, USASDC's objective was to identify the site which best
satisfied several goals simultaneously:

o provide best experimental and operational
conditions;

o initiate research testing program as soon
as feasible;

o minimize interference from and with other
WSMR test programs;

o minimize adverse environmental impacts.

From the beginning, USASOC recognized that no one site was likely to achieve
all of these goals. USASOC recognized that "the best" site might not
necessarily be the least expensive, nor the most environmentally preferable.
This also meant that the "environmentally preferred alternative" might not be
the overall most preferable choice when other factors are also considered.
Instead, because of these multiple goals, the preferred site must represent
USASOC's judgement as to the best available compromise among these goals.

In order to determine which site best met the combination of objectives, a
number of studies were carried out simultaneously with the environmental
studies. These studies include:

o atmospheric characteristics;
o water and utilities availability;
o seismic factors;
o topography;
o electric power;

11-21
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o construction resources;
o electromagnetic interference;
o hazardous waste;
o WSMR program interference.

Several of these studies provided information to the EIS; others dealt with
site selection factors beyond the scope of the EIS. The results of these
studies, plus the results of the environmental studies, were all used by
USASDC in its identification of a preferred alternative.

Although many topics were studied, the differences among the sites could be
expressed in terms of how well the site would meet the cost, schedule,
research and test operations, and environmental goals. For example,
topographic differences among sites were translated into construction cost
differences. Where environmental impacts could be effectively mitigated, the
cost and the time that would be required were estimated. The remaining,
unavoidable impacts were also considered. The comparative comprehensive
evaluation of sites was therefore done on the basis of these key factors
(cost, schedule, research and test operations and environmental goals and WSMR
program conflicts).

Some habitat disruption at the Stallion site, and impacts on desert bighorn
sheep and archeological resources at the North of NASA site were the major
environmental factors. There appears to be no essential difference in the
estimated construction costs associated with siting the experiment at any of
the three sites. The history of seismic activity in the Socorro area
indicates that siting the experiment at Stallion could cause a delay in
gathering experimental data due to the necessity to periodically realign and
calibrate optical equipment. In the area of program and schedule conflicts at
White Sands, substantially higher impacts would accrue to existing and future
programs at the Stallion site as compared to the other two sites. At the
Stallion site, these program conflicts affect all three military services and,
in the opinion of White Sands personnel, would severely limit future
operational capabilities of the national range thereby making Stallion
significantly inferior to the other two sites.

In consideration of the above, the USASDC has identified Orogrande as its
preferred site alternative.

E. No Action

This alternative would preclude all impacts, beneficial and adverse, of the
proposed project. However, the purpose and need of the project would not be
satisfied. It should also be noted that selection of this alternative would
not preclude impacts from occurring at or near WSMR as a result of current or
other proposed activities, as indicated in Tables II-1 through 11-6.

11-23
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III. AFFECTED ENVIRONMENT

A. Climate

1. General

Much of the following information on climate was primarily obtained from the
Department of the Army, White Sands Missile Range Installation Environmental
Assessment 1985(1).

The climate at WSMR is typical of the desert southwest--warm, dry and
occasionally dusty. On an annual basis, maximum and minimum temperatures
average 77°F and 46*F, respectively. Annual precipitation ranges from seven
to 11 inches. Over 50 percent of this precipitation occurs during the summer
nonths when the prevailing southeasterly flow permits a continuing intrusion
of moist tropical air from the Gulf of Mexico--a marked contrast to the dry,
westerly winds which prevail during the remainder of the year. The highest
wind speeds are observed in spring, while the lowest occur during the fall.
Low visibilities are uncommon and are primarily associated with windborne dust
during the spring.

Figure 111-1 shows the locations of the Stallion, A Station (closest available
data nearest to North of NASA site) and the WSD (near Orogrande site) weather
stations. The climatological data presented in Table 111-1 represent a digest
of the meteorological data for these three stations. The period of record for
these stations ranges from 11 to 25 years.

2. Wind

Prevailing wind direction during the fall, winter and spring is from the west;
during summer the prevailing wind direction becomes southeasterly. Although
the mean annual wind speed at A Station is only seven miles per hour (mph),
wind speeds in excess of 87 mph have been observed. The frequency
distribution of wind speeds at A Station is shown in Table 111-1. Spring is
the windiest period. The high winds are usually associated with a low
pressure area over the southwestern United States. Strong westerly winds keep
minimum temperatures high at night and maximum temperatures down during the
day. The westerly winds are strongest immediately to the lee (east) of the
Organ and San Andres Mountains; thus the wind speed at A Station is
consistently higher than over the floor of the basin. High winds may also be
associated with strong downwash gusts from thunderstorms.

At night, drainage winds may be observed. These winds are light and variable
and flow down from the Organ and San Andres Mountains toward the east over the
western half of the range and from the Sacramento Mountains toward the west
over the eastern half of WSMR.

3. Precipitation

Annual amounts of total precipitation over WSMR vary from 7 to 11 inches, with
55 percent of the precipitation occurring between June and September. Table
111-1 shows the mean precipitation by month (and annual mean) for A Station,

WSD and Stallion weather stations and the mean snow depth by month and annual
mean for A Station. April is the driest month, whereas July and August are
the wettest. Precipitation is significantly higher on the mountain peaks and
averages over 20 inches annually. The greatest 24-hour rainfall (5.3 inches)
occurred at the White Sands National Monument on 21-22 September 1941. The

1Il-1
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greatest 24-hour rainfall at A Station was 4.2 inches in August 1959. On t:ie
average, A Station has 85 days per year with a trace or more of precipitation
and 47 days per year with measurable precipitation. Annual precipita&ion V A
Stati)n has varied from 3.9 in-hes in 1956 to 19.7 inches in 1958. A Station
has -ie as long as 128 cons-cutive days without even a trace of
precipitation, and each year has at least 20 consecutive days without Pvi:, a
trace. The average probability of precipitation at WSMR is only 20 percent.
WSMR averages 43 thunderstorm days per year (Table 111-1).

Thunderstorms produce highly localized rainfall amounts and, while one station
may receive only a trace, another range station may become iocally del ged.
Thunderstorm activity is more frequent in the afternoon and evening ho;r-, up
to midnight. Hail is quite rare (due to the high freezing le•vel in sAj1m.'r.
and is found mostly in the higher elevation of the mountails. When h1i -es
occur its average diameter is 0.25 inches. Tornadoes are vcry rare and orly a
few have been spotted throughout the range's history.

Snow occurring on the range usually doe. not last beyond two days. Annal
snowfall amounts at A Station have varied from a tr-ace to 18.2 inches. The
synoptic weather pattern most favorable for snowfall is an u)per air low
pressure area to the west feeding moist southwesterly flow tver cold a r at
the surface of the Tularosa Basin, the cold air having resulted from an
incursion of polar air from the east.

4. Cloud Cover

Mean annual 24-hour sky cover for WSMR is 36 percent and ranges from a minimum
of 25 percent in October to a maximum of 48 percent in July, which is the
cloudiest month due to convective shower activity. Most of this cloudiness
occurs from noon to midnight and is of the middle and high varieties. Table
IlI-1 shows the mean frequency of the sky coverage.

5. Visibility

Visibility is generally excellent at WSMR, averaging 43-: J km and evwn great-r
at times. Strong northeast winds lasting at least six hour' may :ause a
considerable amount of gypsum particles to be carried from the White Sands
National Monument and transported south-southwestwardly, causing the
prevailing visibility to be lowered to 10 to 15 km in the main post area.

In general a westerly wind clears the air of haze particles. However, during
periods of strong west winds, considerable blowing dust may occur
(particularly during the dry season) and may te.nporarily reduce local
visibility to less than two km. Visibility is usually lower in the late night
and early morning hours when surface inversion develops, thereby trapping
atmospheric particulates in the resultant stable layer. By late morning this
inversion breaks, allowing good atmospheric dispersion and subsequent
visibility improvement. WSMR averages 35 days per year when these winds cause
visibility to be less than 10 km.

Restriction of the prevailing visibility due to fog is rare at WSMR and
usually any ground fog in the Tularosa Basin is patchy rather than a general
blanket of fog. Fog nearly always occurs from 0300-0900 Mountain Standard
Time (MST) over a precipitation-soakdd ground (or snow cover) immediately
following partial clearing of the skies.
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6. Dust

Blowing dust occurs on the average of 13 times per year with the highest
probability of occurrence (4%) in the later afternoon hours of spring.
Windborne dust is twice as likely to occur at Holloman Air Force Base (AFB)
than at A Station, due to Holloman's location to the leeward site of the White
Sands National Monument. Dust storms (defined as storms causing dust to
reduce the prevailing visibility to under one km) occur on the average of one
per year at A Station and six per year at Holloman; the probability of blowing
dust lasting at least two hours at Holloman and A Station is 50 percent.

Samples of atmospheric dust have been collected from near the floor of the
Tularosa Basin and from Salinas Peak and Mule Peak (approximately 98 km and 75
km, respectively, from A Station). Spectroscopic analysis of these samples
has revealed that the composition of the dust is a function of particle size.
Particles greater in size than 1.0 micrograms (ug) are principally the clay
minerals montmorillonite, kaolinite and illite. Secondary constituents
include calcite, quartz, nitrate and hydrocarbons. Particles less than 1.0 ug
and greater than 0.1 ug in size appear to be principally ammonium sulfate.
Little is known about the composition of the fraction of the dust less than
0.1 ug. The relative composition of dust greater than 1.0 ug exhibits annual
and seasonal variations attributable to meteorological conditions.

7. Relative Humidity

Mean annual relative humidity at WSMR is 35 percent. On a daily basis, the
relative humidity reaches a maximum of 50 percent at 0600 MST and a minimum of
27 percent around 1500-1600 MST. During very dry westerly winds, the relative
humidity often drops below 10 percent.

B. Geology

Much of the following information concerning geology and water resources was
obtained from the U.S. Army Corps of Engineers, Fort Worth and Albuquerque
Districts(5,6).

1. Physiography and Regional Geology of WSMR

a. Physiography

White Sands Missile Range (WSMR) is located in the southeasternmost part of
the Basin and Range physiographic provinces, an area consisting of generally
north-trending elongated mountain ranges and high mesas separated by wide,
very gently sloping basins.

The east and northeastern portions of WSMR occupy the Tularosa Basin. The San
Andres Mountains lie on the western side of the range and form a continuous
chain with the Oscura Mountains in the north-central part of WSMR separating
the Tularosa Basin from the Jornada Del Muerto Basin on the west. Figures
111-2 and 111-3 show the major physiographic features in the WSMR area.

b. Regional Geology

WSMR is located within the geologic feature known as the Rio Grande Rift. The
Rio Grande Rift is a complexly faulted, elongated strip of land extending from
the State of Colorado southward into Mexico. The rift, which varies in width
from 200 to 280 km, is a structural geologic feature produced by tensional

111-5
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forces in the earth's crust. Pulling apart of the crust along the rift
produced a number of long, relatively narrow, mountain-sized tilted blocks of
layered sedimentary rock; most of the block boundaries are delineated by
faults. Some of the fault blocks were tilted and raised to high elevations,
forming mountain ranges, while other fault blocks were depressed and
subsequently filled with great thicknesses of deposits derived from erosion of
the adjacent mountains. WSMR is located in the southern portion of the rift
where the elongated fault block mountains are composed of layered sedimentary
rock from Cambrian to Miocene age, and the intermontane basins are
characterized by gently sloping alluvial fan deposits adjacent to the mountain
ranges, and flat-lying alluvial plain deposits in the central portions of the
basins, all Quaternary in age. A few scattered masses of volcanic rock
extrusives are exposed where they reached the earth's surface.

2. Geology of the GBFEL-TIE Candidate Sites

a. Stallion Site

The Stallion site is located in the northwest corner of WSMR near the center
of the Jornada Del Muerto Basin. The relatively flat, featureless basin floor
in the vicinity of this site is interrupted only by a low volcanic intrusive
mass which is exposed a few kilometers southwest of the site. The volcanic
intrusive mass, known as the Cerro Colorado, is Eocene to early Miocene age,
and has scattered peaks of basaltic porphyries that rise a maximum of 91.4
meters above the basin floor. The Stallion site is underlain by Quaternary
alluvial material consisting of heterogeneous mixtures of sand, clay and silt.
The materials are generally very fine grained, very dense, and often
interspersed with gypsum crystals and carbonate materials (caliche). Bedrock
was not encountered in borings to 61 meters. No significant structural
anomalies, such as faulting, were detected in the vicinity of the Stallion
site.

b. North of NASA Site

The North of NASA site is located in the southwestern part of WSMR in the
Jornada Del Muerto Basin. The site is situated on the western flank of the
San Andres Mountains, a prominent mountain range about 136 km long and 10 to
27 km wide, separating the Jornada Del Muerto Basin from the Tularosa Basin to
the east. Within 16 km east of the site, San Andres Peak rises to an
elevation of 1,597 meters above sea level; however, within a short distance
from the crest of the San Andres mountains the rocks pass beneath the Jornada
Del Muerto Basin floor, a desert plain that resembles the floor of the
Tularosa Basin. The North of NASA site is partially underlain by Quaternary
aged alluvial deposits consisting of unconsolidated to semi-consolidated
sedimentary material eroded from the adjacent nountains. The gentle slope of
the site away from the mountains suggests that the site is situated on an
alluvial fan-type deposit. Alluvial fan deposits generally consist of poorly
sorted, gravelly, silty sand or sandy silt, with generally coarser sediments
found nearer the source area. Scattered isolated remnants of sedimentary
bedrock (sandstone and limestone) are exposed at the ground surface in the
eastern portion of the site near the base of the adjacent mountains. Abrupt
changes in the surface exposures indicate the presence of local faulting
within the exposed bedrock strata.
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c. Orogrande Site

The Orogrande site is located in the southeast corner of WSMR about 13 km
northwest of the village of Orogrande. The geomorphic setting of the site is
within the Tularosa Basin, a 320 km long by 40-96 km wide alluvial-filled
intermontane basin. A short distance to the east of the Orogrande site an
isolated, low range of mountains known as the Jarilla Mountains protrude
abruptly through the basin floor rising a maximum of about 366 meters above
the surrounding desert floor. The Jarillas are only about 16 km long and 10
km wide trending generally north-south. The Orogrande site is underlain by
generally unconsolidated Quaternary-age alluvial deposits consisting
predominantly of heterogeneous layers of sand, clay, and occasionally silt,
all of which were transported from the adjacent mountain ranges and deposited
on the basin floor. These materials are generally fine-grained, dense, poorly
to moderately cemented, and contain varying amounts of calcium in the form of
gypsum crystals or scattered pockets of caliche. Bedrock was not encountered
in borings to 61 meters in depth. Some of the alluvial materials locally
cemented with carbonate materials (caliche) or silica are well developed and
have the characteristic of a weak bedrock. The only significant structural
anomaly of the Orogrande site is the suspected presence of deep-seated
faulting jeneath the alluvial sediments. The significance of this faulting,
if present, will be discussed below under seismic considerations.

At the turn of the century, the Orogrande Mining District was formed with
limited mining development. The district is located within two km of the
eastern boundary of WSMR and five to eight km east of the Orogrande site.
Mining activities in this district produced primarily gold, silver, copper,
lead, iron and turquoise. Production in this district peaked in 1916; no
production has occurred since 1966.

3. Seismic Considerations

a. General

Seismic waves are normally generated by abrupt slippages along faults in the
crust and/or the mantle of the earth. Earthquakes are seismic waves produced
for varying lengths of time. Risk of seismically-caused damage is usually
expressed as zonal areas, numbered to show degree of risk. The risk zones of
each alternative site are illustrated in Figure 111-4. This figure delineates
zones of differing maximum damage which can be expected to result from
individual future earthquakes. This figure makes no prediction of the
frequency with which future earthquakes will occur; it merely indicates the
maximum damage to be expected throughout the mapped area. The zonal values
shown are based upon the intensity of quakes, which is a measurement in terms
of the effects quakes produce. The zones are defined by the Modified Mercalli
Intensities experienced in the mapped area and obtained from historical
records. Figures 111-5 and 111-6 delineate the horizontal component of
acceleration caused by earthquakes, expressed as a percent of the acceleration
of gravity. While these maps are not seismic risk map, in the same sense as
that of Figure Ill-4, they nevertheless relate to seisnic risk by exhibiting
the property of acceleration which influences the amount of damage which will
result from any earthquake. Figure 111-5 best depicts regional conditions
throughout the State of New Mexico and beyond. It shows relative seismic risk
when comparing one site with another and generally confirms the risk values
shown on Figure 111-4. Because of the contouring style used, Figure 111-6 is
regarded here as the best of the three figures for indicating that portion of
New Mexico in which strong seismic activity presently originates.
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STALLION SITE

15 isNASA SITE

. OROGRANDE SITE

HORIZONTAL ACCELERATION (AS PERCENT
OF GRAVITY) IN ROCM WITH 90 PERCENT
PROBABILITY OF NOT BEING EXCEEDED
IN 50 YEARS.

FROM U.S. GEOLOGICAL SURVEY
OPEN- FILE REPORT 76-41691976

Figure 111-6. Site Area Horizontal Components of Acceleration
Caused by Earthquakes.
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b. Stallion Site

The Stallion site lies on the southeastern outer edge of seismic risk zone 3
(Figure 111-4). Zone 3 is an area in which Modified Mercalli Intensity VIII
earthquake effects can be expected. Intensity VIII earthquake effects are
defined as: "Damage slight in specially designed structures; considerable in
ordinary, substantial buildings, with partial collapse; great in poorly built
structures. Panel walls thrown out of frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand
and mud ejected in small amounts. Changes in well water. Persons driving
motor cars disturbed(5)." As depicted in Figure Ill-5, Stallion site is

* located immediately southeast of the 11 percent (of qravity) contour. It is
located on the boundary of the area of 30 perLent acceleration (Figure 111-6).
No fault, either known or inferred, has been indicated beneath the site(5).
Theref,)re, Stallion site could at som,, time in the future be impacted by
seismic waves; but, it appears probable that little to no damage would be
expected to occur to well designed structures at the site.

c. North of NASA site

The North of NASA site is situated in seismic risk zone 2 (Figure 111-4).
Seismic risk zone 2 indicates that earthquake effects experienced in this zone
will have maximum Modified Mercalli Intensities of VII. Intensity VII
earthquakes are defined as follows: "Everybody runs outdoors. Damage
negligible in buildings of good design and construction; slight to moderate in
well-built ordinary structures; considerable in poorly built or badly designed
structures; felt by people in some motor cars(5)." North of NASA site is
located in an area in which horizontal acceleration from earthquakes can be
expected to be less than four percent of that due to gravity. This site is
located approximately 64 km distant (southeast) from the four percent contour.
No known or inferred faults beneath the North of NASA site have been
indcated(5). It appears probable that very little to no damage would be
expected to occur to well designed structures at the site due to seismic
activity.

d. Orogrande Site

The Orogrande site is also located in seismic risk zone 2 within a few miles
of the border between risk zone 2 and risk zone 1 to the east. It should be
noted that the boundary between seismic risk zones 1 and 2 is not easily
discerned on Figure 111-4. The boundary is oriented north-south along the
meridian of 106*W longitude through all but the northern part of the State of
New Mexico. The defined characteristics of Intensity VII earthquakes were
described previously under B.3.c., North of NASA site. The Orogrande site is
situat-d in an area in which horizontal accelerations expected to occur from
earthquakes would be less than four percent of the acceleration of gravity
(Figure 111-5). The site is located approximately 106 km southeast from the
nearest four percent of gravity contour. Figure 111-6 demonstrates that, of

V the three sites, the Orogrande site is located the farthest From this class of
gravity contour. An inferred fault beneath the Orugrande site has been
indicated(5). This fault, if it is artually present, does not indicate
locally increased seismicity purely dur to its presence. To impact the area,
such a fault. must experience active m(ovement in the future. No historical
earthquakes of notable intensity have been recorded in this area. However,
the fdcility would be designed to witnstand Intensity VIII earthquakes.
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C. Soils

The United States Department of Agriculture, Soil Conservation Service
completed a soil inventory as part of the technical assistance furnished t,
WSMR(7,8). The purpose of the survey was to determine the location of the
different soil types, identify uses and limitations of each type and qeneally
interpret the significance of each association.

Table 111-2 identifies and describes the eight soil types found within the
three alternative sites. Soils that have similar profiles are categoriz-d
into a series. All of the soils on one series have major horizons that are
similar in thickness, arrangement, and other important characteristics.

Figures 111-7 through 111-9 represent the site areas and their soil types.
Table 111-3 provides the percentage of soil types for each site area. Table
111-4 presents the soil suitabilities and limitations for various activities
for each soil type that occurs at the three sites.

According to Figures 111-8 and 111-9, the dune land soil type is dominant at
both the Orogrande and North of NASA sites. This soil type, as evident from
Table 111-4, is not conducive to surface water storage such as sewage lagoons
due to its rapid permeability. Pond liners would be required to overcome this
problem. Shallow excavation for foundations and pipelines would encounter
severe sidewall instability and potential cave-in as well.

The three dominant soils at the Stallion site (Onite loamy fine sand, Yesum
Holloman fine sandy loam and Berino sandy loam) all have rapid permeability or
solubility requiring mitigating measures for surface water storage. However,
these soils have good capacity for shallow excavations and building
foundations with the exception of the severe hazard of gypsum to concrete in
the Yesum soil type.

D. Air Quality

1. General

The quality of the air at WSMR is very good relative to established ambient
air quality standards, with no significant difference in ambient air quality
at any of the three sites. The major portion of the main range is located in
State of New Mexico Air Quality Control Region 6, with the northern portion of
WSMR in Region 8. New Mexico Air Quality Control Region 6 includes the North
of NASA and Orogrande sites while the New Mexico Air Quality Control Region 8
includes the Stallion site(9). Regional boundaries are shown in Figure IIl-10
in comparison with WSMR boundaries. All air quality regions in the state are
identified as to whether they meet Ambient Air Quality Standards for five
criteria pollutants which are: total suspended particulates (TSP), sulfur
oxides (SOx), carbon monoxide (CO), nitrogen oxides (NOx) and ozone
(N). New Mexico Ambient Air Quality Standards are as set forth in
Re~ulation Number 201 of the "Ambient Air Quality Standards and Air Quality
Control Regulations". Federal Ambient Air Quality Primary and Secondary
Standards are provided by the National Ambient Air Quality Standards (NAAQS)
as established by the U.S. Environmental Protection Agency (USEPA). Federal
annual standards and all state standards are not to be exceeded, while Federal
short term standards are not to be exceeded more than once a year.

Volume 40 of the Code of Federal Regulations (CFR) defines the Federal ambient
air quality primary and secondary standards as follows: "National primary
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Table 111-3

Acreage and Percentage of Soil Types by Site Area

Site Soil Type Acreage Percent*

Orogrande Dune Land (DU) 15,951 99.8
Berino Sandy Loam (BD) 4(, 0.2

Total Acreage 15,991

North of NASA Dune Land (DU) 12,928 83.3
Lozier Stony Loam (LR) 1,483 9.6
Rocky Land, Warm (RL) 42 0.3
Gilland Rock Outcrop (GR) 1,060 6.8

Total Acreage 15,513

Stallion Yesum Holloman Fine Sandy
Loam (YH) 6,450 37.4

Onite Loamy Fine Sand (OB) 7,323 42.5
Berino Sandy Loam (BD) 3,454 20.0

Total Acreage 17,227

*May not equal 100 due to rounding.

Source: U.S. Army, 1985(1) and Geo-Marine, Inc.
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ambient air quality standards define levels of air quality which the
Administrator judges are necessary, with an adequate margin of safety, to
protect the public health. National secondary ambient air quality standards
define levels of air quality which the Administrator judges necessary to
protect the public welfare from any known or anticipated adverse effects of a
pollutant"(10).

The State and Federal standards are displayed in Table 111-5. WSMR is within
an attainment area for all pollutants, meaning that pollutants do not exceed
the designated air quality standards. Particulates, primarily from blowing
dust, are generally the only air pollutants of any concern in the WSMR area.
High levels do occur temporarily during periods of high winds. Due to the
remote nature of the range, heavy commuter traffic in and out of the post area
during rush hours can also be a source of temporary air pollution. In
general, however, the low concentrations of air pollutants in the WSMR area
can be attributed to the absence of any major, continuous emissions and good
atmospheric dispersion conditions. Good atmospheric dispersion is related to
wind speeds and mean maximum mixing depths (MMD).

The MMD is the height at which the unstable air mixes. In the absence of
radiosonde observations, the MMD may be estimated as being the height of the
bottom of the low altitude cloud layer. The MMD varies during the day as well
as from season to season. Variations are also dependent upon the
topographical features (e.g., mountains). Vertical dispersion of pollutants
is limited by the ground and the WD; therefore, mixing depths are essential
in estimating the amount of vertical diffusion of pollution in the atmosphere.
Figure III-11 shows the MM) for the United States. It can be seen from this
figure th;at WSMR lies in a region of high MMD in comparison to the rest of the
United States. Computed MWD for the WSMR vicinity varies from 580 meters
(1900 ft) above ground surface in December to about 3,100 meters (10,200 ft)
in May.

Data from the state network of monitoring stations on pollutants and criteria
for New Mexico are displayed in Table 111-6. The contributions of WSMR to air
pollutant levels for these parameters are small(i).

2. Prevention of Significant Deterioration

The purpose of USEPA's Prevention of Significant Deterioration (PSD) program
is to assure that areas in attainment continue to remain within standards.
Under the PS0 program, all lands are divided into one of three classes. Class
I areas have air that is pristine, such as national parks and wilderness
areas, and almost no increase in air contaminant level is allowed. Within New
Mexico, eight wilderness areas and one national park are the only Mandatory
Class I areas, as illustrated in Figure 111-12. The Stallion site is within
18 km of the Bosque del Apache NWR and the San Pascual Wilderness Area is
contained within the Bosque del Apache NWR(9).

Class II areas allow moderate development and Class III areas allow extensive
growth. All of the candidate sites are Class II areas. In New Mexico there
are no Class III areas. Table II-7 contains the allowable increments of air
pollutants by class.

E. Noise

At WSMR, sources of potentially hazardous occupational noise have been
surveyed by the U.S. Army Environmental Hygiene Agency (USAEHA) in 1973, 1976

111-23



Table 111-5

Ambient Air Quality Standards

New Mexico Federal Federal
Standard Primary Standard Secondary Standard

Total Suspended Particulates (TSP)
24-hour Average 150 ug/m3* 260 ug/m3 150 ug/m3
Annual Geometric Mean 60 ug/m3 75 ug/m3 60 ug/m3

Sulfur Dioxide (SO02)
24-Hour Average 0.10 ppm** 0.14 ppm 365 ug/m3
Annual Arithmetic Mean 0.02 ppm 0.03 ppm --
3-Hour Average -- -- 0.50 ppm

Carbon Monoxide (CO)
8-Hour Average 8.7 ppm 9.0 ppm 9.0 ppm
1-Hour Average 13.1 ppm 35.0 ppm 35.0 ppm

Ozone (0 31-HouroAverage 0.06 ppm 0.12 ppm 40,000 ug/m3

Nitrogen Dioxide (NO2 )
24-Hour Average 0.10 ppm ....
Annual Arithmetic Mean 0.05 ppm 0.05 ppm 100 ug/m3

Lead (Pb)
Calendar Quarterly Arith. Ave. 1.50 ug/m3 1.50 ug/m3

*ug/m3 - data in micrograms per cubic meter
**ppm - data in parts per million by volume

Source: New Mexico Health and Environment Department, 1983 and 1984(9) and
Geo-Marine, Inc.
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Figure 111-11. Mean Maximum Mixing Depth (1440) for the United States.
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WAXDAOSY CLASS I ARRAS

)~ INC..) C

( .

-I7
- - - -. - - -. - - - -

1. Chelru ea Wilderness 169,663
6. oSanuedro APerhs Wilderness 41,132

7. White Mlountain Wilderness 48,873
S. Salt Crack Wilderness 9,621
9. Carlsbad Caverns National Park 46,435

Figure 111-12. New Mexico Mandatory PSO Class I Areas.
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Table 111-7

Allowable PSD Increments
Micrograms per cubic meter (ug/m 3 )

Parameter Class I Class II Class III

Sulfur Dioxide
Annual 2 20 40
24-Hour* 5 91 182
3-Hour* 25 512 700

Total Suspended Particulate Matter
Annual 5 19 37
24-Hour* 10 37 75

*Not to be exceeded more than once a year

Source: New Mexico Health and Environment Department, 1983 and
1984(9)

and 1980(1). Identified sources from these surveys, with data from local
surveys, have provided an inventory of noise sources which is presented in
Table 111-8. The majority of these sources includes shop tools, generators,
heavy equipment, woodworking tools, climatic environment machinery, radar
equipment and missile systems tests on the main post and range areas, which
generate occupational noise in excess of 85 decibels on the A-weighted scale
(dB[AD. Weapons firings and supersonic air operations produce peak noises in
excess of 146 dB(A). At times, these noise sources can be heard in areas off
the range.

No site specific noise data are available for the three proposed alternative
sites. Due to the remoteness of the areas, no major noise sources other than
from overflying aircrafts and "sonic booms" are presently expected to occur in

these areas. The Stallion and Orogrande sites experience some noises from
motor vehicle traffic.

F. Biological Resources

For clarity, the biological resources discussion is further divided into the
following seven parameters: (1) vegetation, (2) reptiles and amphibians, (3)
fishes, (4) birds, (5) mammals, (6) threatened and endangered species and (7)
other unique and/or environmentally sensitive areas. Where appropriate, site
specific data concerning these resources are provided for each of the proposed
project sites.

1. Vegetation

Data gleaned from interpretation of recent (1985) color infrared aerial
imagery (scale 1:24,000) and from recent helicopter and preliminary field
reconnaissance surveys of the three areas were used to delineate and describe
the habitat types at each site. The area surveyed and mapped also included
the surrounding areas that would be restricted for use for eye safety
purposes. Visual observations were made from the helicopter and several stops
were made within various habitat types for ground truthing. Point intercept
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Table 111-8

Occupational Noise - WSMR

Noise Level
Location Branch Element Noise Source (db(A])

Facilities Engineering Directorate:

1531 Sanitation Pulverizer 102
1737 Precision Machine Small and Large Bandsaw 90-99
1740 Heavy Equipment Grader, Crane, Tractor 99-108
1741 Refrigeration, Heating Compressor 96

and Plumbing
1742 Paint Paint Booth 87-89

Metal Bandsaw 91-96
1751 Welding and Sheet Metal Arc Welder and 92

Local Exhaust Hood
1754 Carpentry Woodworking Tools 110
1764 Preventive Maintenance Metal Cutting Saw 100

Skillsaw
30740 Carpentry and Heavy Various Saws, Grader 90-108

Equipment and Tractors
34230 Heavy Equipment Grader, Tractors, 95-108

Earthmovers
34244 Carpentry Various Saws 90-108

Logistics Directorate:

TE 1644 Electronic Maintenance Machinery, Various Saws 85-106
Ultrasonic Cleaner,
Paint Booth

TM 1753 Heavy Equipment Vehicular Noise, 90-108
Maintenance Pneumatic Tools

1783 Paint Ventilatio,, :ystem 97
1784 Paint Ventilation System 87
1788 Tire Shop Pneumatic Tools, 99-118

Vehicular Noise
1789 Body Repair Pneumatic Tools 95-125
1790 Generator and Fast Generators, Pneumatic 85-110

Automotive Tools, Vehicular Noise
1794 General Vehicle Vehicular Noise, 90-104

Maintenance Pneumatic Tools
30735 Heavy Vehicle Maintenance Vehicular Noise 110
34240 Heavy Vehicle Maintenance Vehicular Noise 110
34250 Heavy Vehicle Maintenance Vehicular Noise 110
ST1785 PO Vehicular Noise 95
1827 Warehouse Forklift 95
1837 Warehouse Forklift 95
21547 Liquid Propellant Vehicular Noise 95
WS-00025 Solid Propellant Vehicular Noise 95
30725 PO Vehicular Noise 95
34210 PO1 Vehicular Noise 95
SR680 Commissary Meat Saws 96
TT1848 Packing and Crating Various Saws 90-118

Personnel and Community Activities:

1338A Morale Support Golf Course Maintenance 88-93
and Equipment

Troop Command:

Firing S4 Weapons Firing 156 peak
Range
1 43 S4 Power Tools 104
418 S4 Power Tools 104
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Table 111-8 (cont'd)

Occupational Noise - WSMR

Noise Level
Location Branch Element Noise Source (db[AJ)

Army Material Test & Evaluation Directorate:

1534 Dynamics Environmental Shake Table 91-105
19447 Dynamics Diesel Generators, 91-105

Hydraulic Pump
20836 Dynamics Diesel Generators, 91-105

Hydraulic Pump
20849 Dynamics Diesel Generators, 91-105

Hydraulic Pump 91-105
20850 Dynamics Diesel Generators, 91-105

Hydraulic Pump
1544 Climatic Environment Machinery, Compressor 88-103

and Vehicular
21130 Climatic Environment Conrad Climatic Chamber 85-93
21562 Climatic Environment Conrad Climatic Chamber 85-93
21564 Climatic Environment Conrad Climatic Chamber 85-93
27104 Climatic Environment Conrad Climatic Chamber 85-93
27188 Climatic Environment Conrad Climatic Chamber 85-93
LC-33 Land Combat Weapons Firings 87 in cab
SMR Land Combat Weapons Firings 185 peak
LC-32 Air Defense Weapons Firings, 90-103

Generators, Radar
LC-38 Air Defense Weapons Firings, 90-102

Generators, Radar
LC-50 Air Defense Weapons Firings 146 peak

Army Air Directorate:

HAFS Army Air Operations Aircraft 93-115
HAFS Holloman AFS Operations Aircraft 143-146
N. Range Sonic Boom peak

USA Communications Command:

1408 Support Ultrasonic Cleaner 92
King I Operation & Control 1000 Cycle Tone 92-103
Rhodes Operation & Control 1000 Cycle Tone 92-103
Canyon
Clark Site Operation & Control 1000 Cycle Tone 92-103
Oscura Operation & Control 1000 Cycle Tone 92-103
Range Camp
J-9 Operation & Control 1000 Cycle Tone 92-103
Andre Operation & Control 1000 Cycle Tone 92-103
Salinas Operation & Cuntrol Iu•O Cycle Tone 92-103
Peak
Stallion Operation & Control 1000 Cycle Tone 92-103

Atmospheric Science Laboratory:

1623 Computer Computer 87
21925 Electronic Radar 92

Electronic Warfare Laboratory:

1624 Air Defense Electronic Jammers 88
23638 Technology & Advanced Vehicular and Equipment 85-100

Concepts Noise
Field Air Defense Generators 85-104
Transmit- Air Defense Transmitter Vans 95
ter Vans
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transects were made at various locations to obtain plant species composition
and an indication of density. The transects consisted of 200 paces, and a
plant was identified and recorded when the basal area intercepted a mark on
the right toe. Voucher specimens of several species were collected for
further verification. The various communities identified during this task are
described below. Since the visual observations and ground truthing were made
at the North of NASA site, the orientation of the target range and the
restricted use zone were rotated to the southwest. This rotation changed tnie
range from a rugged more mountainous terrain toward a basin desert plain
terrain and provided additional displacement from the San Andres NWR.
Vegetation types in this replacement area were established strictly from photo
interpretation of the color infrared aerial imagery and are without benefit of
ground truthing.

a. Stallion Site

The landscapes at the Stallion site comprise nearly level to undulating low
dunelike areas. Slight depressions and poorly defined drainageways are
intermingled throughout the area. For the most part the vegetative
comnunities on a specific landscape are relatively homogeneous. As can be
seen from Figure 111-13, four major habitat types are within the Stallion
site. The sand sagebrush-soaptree yucca community occupies the undulating low
dunelike areas. Sand sagebrush (Artemisia filifolia) and soaptree yucca
(Yucca elata) characterizes this plant community. Other predominant
species include giant dropseed (Sporobolus giganteus), mesa dropseed
(Sporobolus flexuosus), sand dropseed (Sporobolus cryptandrus) and
black grama (Bouteloua eriopoda). Threeawn (Aristida spp.) is a common
associate; however, this species also occurs extensively in a small area
immediately south of Stallion airstrip. Other common associates include broom
snakeweed (Xanthocephalum sarothrae), four-wing saltbush (Atriplex
canescens), Mormon tea (Ephedra torreyana) and Broompea (Dalea
scoporia).

The smaller sand sagebrush communities that occur south and southeast of the
Stallion site's north boundary are comprised of similar species; however,
mesquite (Prosopis juliflora) is common on low dunes and sand sagebrush is
more abundant. Other associate species occur less frequently except for bush
mulhy (Muhlenbergia porteri) which increases in this community.

The alkali sacaton-tobosa grasslands occur on the nearly level landscapes,
drainageways and depressions. Predominant species in this community are
alkali sacaton (Sporobolus airoides), tobosa (Hilaria mutica),
burrograss (Schlkeropogon brevifolius), bush muhly, Ear muhly
(Muhlenbergia arenacea), fluffgrass (Tridens pulchellus) and mesa
dropseed. Other common associates that are included in the site are four-wing
saltbush, broom snakeweed and scattered plants of Mormon tea, verbena
(Verbena spp.), globemallow (Sphaeralcea subhastata) and broonpea. The
ground cover of the alkali sacaton-tobosa site is typically patchy and in
places up to 85 percent bare ground may be exposed. The grassland communities
are the most productive habitat types that occur at WSMR and support numerous
important game and non-game species.

The inert areas illustrated in Figure 111-13 are Warhead Impact Target (WIT)
areas. These areas are periodically cleared and graded so that the majority
of the time the ground is barren and biologically nonproductive.
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b. North of NASA Site

The North of NASA site is comprised primarily of mesquite-sand dune habitat
and hills-grassland habitat. About 50 percent of the mesquitE sand dune area
is c(vered by coppice dunes formed by the drifting sand around mesquite.
Four-wing saltbush, Mormon tea and soaptree yucca occur in the outer rnarqin of
a few dunes. Broom snakeweed and broompea occur in the interdune area. OLher
plants that are widely scattered within the interdune area include sand
sagebrush (Reverchonia arenaria) and Rumex sp. Grasses are nearly
eliminated due to the strong competition of the mesquite for available
*noisture; however, in places some of the interdune areas will include a fzw
plants of giant dropseed, mesa dropseed and plains bristle grass (Setaria
macrostchya).

The hills-grassland area occupies the foot hills and steep slopes along the
eastern part of the North of NASA site. Approximately 50 to 60 percent of the
area is bare rock-outcrop. The principal grass community consists of black
grama, side-oats grama (Bouteloua curtipendula), mesa dropseed and
threeawn. Other plants include tobosa, fluffgrass, American tarbush
(Flourensia cernua), broom snakeweed, cresotebush (Larrea tridentata),
four-wing salTb'us-s, ocotillo (Fouquieria splendens) and ilitury plant
(Agavt parryi ).

As can be seen in Figure 111-14 smaller plant communities also occur
sporadically throughout the North of NASA area. The shrub-grassland areas are
on low hills in the central part of the area. Vegetation is sparse and is
dominated by shrubs that include cresotebush, American tarbush, broom
snakeweed, rubber bush (Parthenium incanum) and to a lesser extent
ocotillo, soaptree yucca and narrow leaf coldenia (Coldenia hispidissima).
Black grama, fluffgrass, bush muhly and burrograss are the principal grasses
growing on this site. Bare rock outcrop comprises 25 to 45 percent of the
shrub grassland areas.

The juniper-sand habitat occurs in the northern part where deep sands have
formed a landscape in small valleys that are surrounded by steep hills.
Juniper trees (Juniperus monosperma) that reach a height of more than five
meters characterize the site. The remaining plant community consists of
four-wing saltbush, broom snakeweed, mesquite, walkingstick cholla (Opuntia
imbricata), little leaf sumac (Rhus microphylla) and groundsel
(Senecio sp.). Due to wind erosion, barren sands comprise 30 to 60 percent
of the area. In areas somewhat protected from the wind, scattered grasses are
growing and include sand dropseed, mesa dropseed, bush muhly and threeawn.

Arroyo-riparian habitat occurs along the Horse Camp Draw and tributaries in
the northern part of the North of NASA site. The trees and shrubs that are
common in this habitat include mesquite, rubber rabbitbush (Chrysothamnus
nauseosus), white desert willow (Chilopsis linearis) and Apache plume
(Fallugia paradoxa). Grasses growing in this habitat are sand dropseed,
mesa dropseed, black grama, bush mulhy and threeawn. Other arroyo riparian
habitats are common along New Well Draw and smaller drainages; however, these
communities are not delineated due to their narrow, linear shape.

Near the eastern end of the project area, several small (<1-2 acres) stands of
oak trees exist, particularly near the base of larger hills. The western
scrub oak (Quercus turbinella) and little leaf sumac were the dominant
species in these communities. Unfortunately, because of their small areal
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extent and sporadic occurrence, these communities could not be delineated on
Figure 111-14.

The western section of the range and restricted use zone is primarily
mesquite-sand dune vegetation. Interpretation of aerial imagery seems to
indicate an occasional influx of creosote bush and American tarbush into this
habitat. As stated earlier, this indication was not visually verified.

c. Orogrande site

The majority of the Orogrande site is comprised of mesquite-sand dune habitat.
Sand dunes attaining heights of up to five meters have formed around mesquite
plants and make up to 50 percent of the habitat. Associates that occur
sporadically in the sand dunes or their outer margins include four-wing
saltbush, sand sagebush, soaptree yucca and Mormon tea. Soaptree yucca
becomes more common in the northern part of the area. The interdune areas are
barren except for scant amounts of vegetation. The dominant plants within the
interdune area consist of broom snakeweed, sand dropseed, mesa dropseed and
plains yellow flax (Linum aristatus var. australe). A signivicant
amount of seasonal forbes may grow in the inter-dune area following periods of
summer rainfall.

Scattered at various locations throughout the Orogrande site are sand
sagebrush communities. The largest area of this habitat occurs near the
southern boundary as shown in Figure 111-15. Other than sand sagebrush, the
few other sporadic associates that occur on this site include mesquite,
soaptree yucca, broom snakeweed, sand dropseed, mesa dropseed, desert marigold
(Baileya multiradiata) and Russian thistle (Salsa kali).

All habitats may contain a few scattered plants of creosotebush;, however,
near the southwest corner of the Orogrande site two areas consist
predominantly of creosotebush. Broom snakeweed is a close associate with the
creosotebush. Other associates that are scattered throughout the site include
mesquite, soaptree yucca and sand sagebrush.

Small areas that are predominantly broom snakeweed also may occur in all
habitats. Most of these areas are too small to show on Figure 111-15. In
addition to broom snakeweed, other plants in this habitat include four-wing
saltbush, mesquite and mesa dropseed.

Numerous small playas (depressions) occur in the northern part of the
Orogrande site and support grassland communities. Most of the areas are too
small to show on Figure 111-15. The dominant grasses are vine mesquite
(Panicum obtusum), tobosa, alkali sacaton and bush muhly. Common
associates include broom snakeweed and scattered plants of four-wing saltbush
and mesquite. Horse nettle (Solanum eleaqnifolium) and milkweed
(Asclepias sp.) also occur in some areas.

2. Reptiles and Amphibians

Since amphibians normally require water or extreme moisture during the early
stages of their life cycle and surface water resources on WSMR are limited,
amphibian populations on WSMR are also restricted. The U.S. Army(l) listed
only one salamander, the barred tiger salamander (Ambystoma tigrinum
marvortium), that may inhabit WSMR. This salamander requires stock tanks or
temporary ponds and pools in the mountains or lowlands. Potential habitat for
the barred tiger salamander probably exists in the eastern portion of the
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North of NASA site; however, it is unlikely that suitable habitat occurs at
the other two sites, based upon a recent reconnaissance of the three sites.

The only other amphibians listed by the U.S. Army(1) as commonly occurring
were Couch's, western and plains spadefoot toads (Scaphiopus couchi, S.
hammondi, S. bombifrons, respectively). Potential habitat for each
species occurs at all three sites.

Reptiles, on the other hand, comprise a very abundant and diverse group of
wildlife. Table 111-9 presents those reptilian species presumed to be common
within WSMR, as well as their potential to occur at each site based upon each
species' habitat needs. As can be seen from this table, the North of NASA
site has the greatest potential to support a diverse population of reptiles,
primarily because of the variety of habitats that occur in this area.

3. Fishes

The only fish reported to occur within WSMR is the White Sands pupfish
(Cyprinodon tularosa). This small fish is endemic to the Malpais and
Mound springs and Salt Creek drainage basin, and has recently been
rediscovered in Lost River(11,12,13). The Orogrande site which is about 47 km
south of 'Lost River, is the closest of the three alternative sites to any of
the potential White Sands pupfish habitat. In addition, the Stallion and
North of NASA sites are separated from potential pupfish habitat by mountain
ranges.

4. Birds

Although no specific survey for birds has been conducted for WSMR, a total of
312 species is presumed to occur within the range(1). This large number of
species is due primarily to the very diverse habitat types that occur within
WSMR. Common passerine birds that are expected to occur at the Stallion and
Orogrande sites include the northern mockingbird; Chihuahuan raven; cactus,
rock and Bewick's wrens; curve-billed thrasher; loggerhead shrike;
rufous-sided and brown towhees; white-crowned, vesper, blackthroated and sage
sparrows; lark bunting; and house finch. In addition to these species, the
North of NASA site also probably supports the scrub and pinon jays; canyon
wren; Virginia's, yellow-rumped and Wilson's warblers; green-tailed towhee;
and rufous-crowned sparrow.

Insectivorous birds common to each alternative site include ladder-backed
woodpecker, Say's phoebe, ash-throated flycatcher, western kingbird, horned
lark and lesser nighthawk. The common nighthawk also probably occurs at the
Stallion site. The North of NASA site contains suitable habitat for the
following additional insectivorous species: (1) common poor-will; (2)
northern flicker; (3) Cassin's flycatcher; (4) violet-green swallow; (5)
blue-gray gnatcatcher; and (6) western bluebird.

The northern harrier and red-tailed hawk are the two raptors that commonly
occur near the Orogrande site. In addition to these two, the Stallion and
North of NASA sites provide suitable habitat for ferruginous hawk, golden
eagles and American kestrels. Swainson's hawk occurs at each of the sites;
however, this is a rare species and is presently being reviewed by the U.S.
Fish and Wildlife Service (USFWS) for potential listing as a threatened or
endangered species. Additionally, falcon eyries have recently been discovered
along the Oscura Mountains near the Stallion site, although it is presently
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not known which species of falcons (i.e., peregrine or prairie) constructed
the nests(14).

Semi-permanent water exists seasonally at Orogrande and Stallion sites in
playa lake beds which fill seasonally. A variety of waterfowl (i.e., dabbling
ducks and coots) may be observed during spring migration.

Gambel's and scaled quail are common resident upland game species that are
presumed to occur at all three sites. The scaled quail is probably more
abundant near the Stallion site, however, since it prefers arid grasslands.
The mourning dove is also an upland game species which occurs at each proposed
site, although the doves frequent WSMR only during the summer months. The
extreme eastern portion of the North of NASA site may provide suitable habitat
for the wild turkey. Although this species is known to breed and nest within
WSMR, turkeys are infrequently observed and are considered by the U.S. Army(l)
to be rare.

5. Mammals

A total of 104 mammalian species is known or presumed to occur at WSMR, five
of which have been introduced by man: house mouse (Mus musculus), Norway
rat (Rattus norveqicus), domestic horse (Equus caballus), Barbary
sheep tragus lervia) and gemsbok (Oryx .gazella). The remaining
99 species represent approximately 69 percent of the mammals which have been
recorded from the State of New Mexico(1,12,13,15,16).

The majority of mammals (in both numbers and number of species) is comprised
of smaller rodents and insectivorous mammals. These species largely comprise
the basis of the food supply for larger carnivores, including the raptors
discussed previously. Numerous species, such as Ord's and Merriam's kangaroo
rats (Dipodomys ordii and D. merriami, respectively), black-tailed
jackrabbit uLaeus- californlcus), desert cottontail (Sylvilagus
audubonii) and cactus mouse (Peromyscus eremicus eremlcus), occur in
or near each alternative site. However, the densities of such species vary
greatly among habitats and appear to reach a maximum within sand grasslands
such as those that occur at the Stallion site. Other small mammals that
presumably occur within the three sites are presented in Table III-10.

The bobcat (Lynx rufus), coyote (Canis latrans) and kit fox (Vulpes
macrotis) are common large predators found at each site. The mountain lion
(FeMlconcolor) and gray fox (Urocoon cinereoargentevs scottii) are
other large predators that probably occur within or near the North of NASA
site; however, the mountain lion is extremely secretiye and, thus,
infrequently observed. The New Mexico Department of Game and Fish is
currently conducting a multi-year study on the ecology of the mountain lion
population in the San Andres Mountains. This study involves monitoring of
mountain lions, mule deer and bighorn sheep by radio telemetry and aerial
reconnaissance and is currently funded through 1991.

All three sites also provide potentially suitable habitat for two other
carnivores: badger (Taxidea taxus berlandieri) and striped skunk
(Mephitis mephitis varians).

Pronghorn (Antilocarpa americana) occur at the Stallion site; gemsbok
(oryx) are commcn at the Orogrande and Stallion sites. To a lesser extent,
gemsbok also occur at the North of NASA site. Both of these species are large
game mammals that are hunted within special hunt areas at WSMR. Pronghorn and
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gemsbok hunts, however, are conducted only in years of good production. A
limited number of permits are granted to applicants, which are selected
through a lottery system. Ten pronghorn permits were granted in 1985 and
about 20 for the 1986 season(13). Gemsbok permits are also granted through a
lottery system. A total of 75 permits was granted in 1985, all but two of
which were filled; the permits granted for the 1986 season increased to
100(13).

Mule deer (Odocoileus hemionus) and black bear (Ursus americanus) are
large game species with previously healthy populations within WSMR(1,15). Due
to reduced populations, however, mule deer hunts within WSMR have not been
allowed since 1982. Black bear populations have been so drastically reduced
that black bears are now considered rare and only a transient
species(1,13,15). Suitable habitat for these two species occurs in the Oscura
Mountains east of the Stallion site and in the San Andres Mountains east of
the North of NASA site. Presently, healtiy (but not harvestable) populations
of mule deer occur in both mountain ranges.

6. Threatened and Endangered Species

Information concerning threatened or endangered species which could
potentially be affected by the proposed GBFEL-TIE project was requested from
the U.S. Fish and Wildlife Service (USFWS) in Albuquerque and the New Mexico
Department of Game and Fish (Santa Fe). Responses to these letters are
contained in Appendix A, Correspondence.

Seven species listed by the USFWS as threatened or endangered were reported to
occur in or near WSMR. These seven are the Lloyd hedgehog cactus
(Echinocereus lloydii), Sneed pincushion cactus (Corypantha sneedi
var. sneedi), whooping crane (Grus americana), bald eagle (HO-laeetus
leucocephalus), American peregrine falcon (Falco peregrinus anatum),
Aplomado falcon (Falco femoralis septentrionalis) and interior least
tern (Sterna antiTlar-um athalassos)(17,18).

The Lloyd hedgehog cactus inhabits limestone and granite outcrops along dry
rocky hills and slopes at an elevation of about 1,500 meters MSL. It has been
reported from the Jarilla Mountains near Orogrande, at the southeastern corner
of WSMR(13).

The whooping crane uses the middle Rio Grande Valley as a wintering
area(17,18). Whooping cranes often flock with sanuhill cranes, which have
been observed over WSMR. Consequently, it is possible that whooping cranes
may fly over WSMR during their fall and spring migrations, but it is
improbable that the whooping cranes would utilize any of the proposed sites.
If this species would occur at any of the sites, the Stallion site would have
the highest probability due to the extensive playas/grasslands that occur at
this site.

The bald eagle requires large rivers and lakes since fish is its primary prey
item. Consequently, Lake Lucero occasionally attracts bald eagles, although
Lake Lucero does not provide a food source for the eagles. These individuals,
therefore, are only transient and sporadic.

The American peregrine falcon prefers areas with rocky, steep cliffs
especially near water with high bird concentrations, which is its primary food
source. Peregrine falcons are presumed to occur in the Organ, San Andres and
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Oscura mountains, and would forage over the wide basin areas. Peregrine
falcons may, therefore, occur in or near the Stallion and North of NASA sites.

It is unlikely, however, that any of the remaining species occur within or
near any of the alternative sites. The Sneed pincushion cactus occurs in the
Franklin Mountains south of the main post area. The Aplomado falcon is
currently not found in New Mexico although the USFWS is currently considering
reintroducing this species. The interior least tern has been observed at the
Bosque del Apache NWR, approximately 18 km from the Stallion site, but because
of its preference for sandy beaches along streams, rivers and lakes, it is
unlikely that it would occur at any of the sites(17).

In addition, the last remaining population of desert bighorn sheep is located
within the San Andres NWR, just east of the North of NASA site. Current
population of this state protected species is estimated to be less than
30(1,25). Breeding habitats of the sheep are primarily located on the east
side of the San Andres Mountains, although the entire mountain range may ýe
used as foraging habitat.

Table III-11 lists those species known or presumed to occur near any of the
proposed sites and which are considered endangered by USFWS and/or the New
Mexico Department of Game and Fish. The North of NASA site has the greatest
potential for supporting protected species, as can be seen from this table.

7. Unique and Environmentally
Sensitive Resources

Because of the limited water supply and the soil associations found in the
Chihuahuan Desert, the entire desert ecosystem is itself a fragile and
sensitive resource. Consequently, the intermittent springs and seeps which
exist in the San Andres foothills east of the North of NASA site provide a
valuable water supply during certain times of the year. The areas around
these seeps and springs also support a diverse group of wildlife by providing
feeding and nesting habitat. New Well, which is an operating windmill and
stock tank, occurs within the North of NASA site near the east central borJer
of the site. This water tank provides a valuable water supply and is heavily
used by wildlife, particularly gemsbok.

The various playas that occur within and near the Stallion site present an
even greater sensitivity to man-induced changes such as overgrazing and
erosion. Small playas also occur sporadically in the vicinity of the
Orogrande site. Grasslands around the playas also provide valuable habitat
for numerous wildlife species. As grassland acreage declines, so do wildlife
populations that depend upon the commvnunities for cover and/or food (e.q.,
pronghorn). WSMR has initiated a plan to conduct a habitat mapping and
wildlife management project that would locate, identify and delineate such
environmentally sensitive communities. The proposed GBFEL-TIE program is
presently scheduled to commence prior to completion of this project. Recent
field reconnaissance indicates extensive grasslands occur within and near the
immediate Stallion project area, however.

The U.S. Bureau of Land Management (BLM)(24) identified two areas as potential
Wilderness Study Areas (WSA) which are contiguous with WSMR's western
boundaries near the Stallion site. The Antelope WSA is located approximately
seven kilometers (km) from the Stallion site and encompasses 20,710 acres.
The Antelope WSA is being considered by the BLM for potential inclusion in the
National Wilderness Preservation System (NWPS) because of its visual
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attributes, naturalness, and overall environmental quality. Several plant
species considered as species of special concein by the New Mexico State
Heritage Program are presumed to occur within the Antelope WSA.

The Jornada del Muerto WSA is situated approximately 15 km southwest of the
Stallion site adjacent to WSMR's western boundary. The Jornada del Muerto WSA
consists of the eastern half of an extensive basalt (lava) flow formed during
the Quarternary Age. This area is being considered for inclusion in the NWPS
because of its outstanding opportunities for solitude and recreation; diverse
ecosystems and natural phenomena (e.g., melanism in snakes, lizards and
rodents); and unique geologic features. The American peregrine falcon may
utilize the area for feeding or resting.

The Bosque del Apache NWR is located along the Rio Grande approximately 18 km
west of the Stallion site and contiguous with the Antelope WSA, described
above. The Bosque del Apache NWR provides critical habitat for the whooping
crane(18) and supports numerous other species protected by the USFWS and/or
State of New Mexico(18,19). Wetlands along the river also provide valuable
resting and feeding habitat for a variety of shorebirds and waterfowl.

The proposed North of NASA site is situated adjacent to the San Andres NWR
which is located within the San Andres Mountain range. Public access to the
refuge is presently limited to managed hunts for mule deer which are conducted
periodically in cooperation with the New Mexico Department of Game and Fish
(NMGF). The San Andres NWR was established primarily to protect the desert
bighorn sheep.

The White Sands National Monument is located approximately 19 km northwest of
the proposed Orogrande site. This area is managed by the National Park
Service and protected because of unique geology (i.e., world's largest gypsum
dunes desert) and its diverse ecosystem. Numerous subspecies of flora and
fauna are endemic to the park area. The western half of the White Sands
National Monument is a zone of cooperative use and is frequently used by WSMR
for missile impacts, drone flyovers, and aircraft training exercises(I).

G. Historical Resources

1. Regional Culture History

In the southern New Mexico region three major human adaptational shifts have
occurred during the last 10-12,000 years before present (bp). The first
shift, was to a great extent, forced upon the Paleoindians by environmental
changes which began to occur near the beginning of the Pleistocene age
(approximately 1.8 million bp). After the Paleoindian and Archaic Periods
(12,000-9,000 years bp) early man shifted from a large-mammal hunting base to
one of greater dependence on wild plants and forage. This diversification of
economies was to set the stage for the second adaptational shift, the
development of agriculturally based economies. In the American southwest
broad regional similarities occurred, especially in regard to adaptational and
developmental shifts. These shifts involved trends toward increased
population densities; decreased mobility; technological and social changes;
and an increased dependence on agricultural commodities.

This second shift was noticeable in both the Anasazi and Jornada Mogollan
region. The Basketmaker and Pueblo phases refer to this trend in the Anasazi
region whereas in the Jornada Mogollon region it is termed the Formative
period. Domesticated corn and beans were present as early as 3,000 years bp,
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even though most archaeologists consider agriculture to be only of minimal
importance to man at that time. In the Jornada Region this gradual shift
towards an agricultural based economy is progressively obvious during the
Early Mesilla Phase (AD 1-750), the late Mesilla Phase (AD 750-1100), Dona Ana
(AD 1100-1200) and later the El Paso Phase (AD 1200-1400). It was during the
El Paso phase that man in the Jornada Region is traditionally viewed as having
achieved his most complex period with the greatest dependence on agricultural
food production.

The abandonment of adobe pueblos and virtually all agricultural practices
marks the end of the El Paso Phase and the Formative Period. This also
signifies the third adaptational shift.

The third shift (AD 1400-1450) followed the collapse of broad agricultural
practices and a general population movement towards major river valleys by
some of the agriculturally dependent populations. Additionally, the influx of
historically documented hunter-gatherer groups such as the Mescalero Apache
further marks this shift.

2. Site Specific Archeological/Cultural Resources

Both the Stallion and North of NASA sites were surveyed in 1986, using a 14
percent sample, for archeological/cultural resources. The survey report, a
description of the methodologies, results and recommendations, is contained in
Appendix B of the DEIS. The Orogrande area was surveyed in 1984 during the
conduct of the Border Star 85 Environmental Assessment(11). This survey
utilized a non-site approach while recording 100 percent of all items in 2
meter wide transects spaced 33 meters apart. Features and artifacts between
swaths were noted but not recorded in detail. The survey methodology resulted
in a very detailed picture, but one that lacks a complete characterization of
the smaller sites. A brief discussion of the archeological/cultural resources
identified during each of these field surveys is presented below for each
alternative site.

a. Stallion Site

A total of 29 archeological sites were recorded during survey of the Stallion
site area. Most of the sites date either wholly or partially to
Pre-Formative, or Archaic times. Although no Paleoindian sites were
discovered in the sample area, materials diagnostic of this period were found
on three sites along with Archaic materials. Two Folsom projectile point
bases, indicative of Paleoindian use of the area between 9,500-10,500 years bp
and broken during use rather than manufacture, were found at the sites. Six
sites (21 percent) dated to the the Archaic period on the basis of diagnostic
artifacts and debris; 12 sites (41 percent) were classified as Lithic Unknown,
but may also date to that period. In addition, nine of the 10 multicomponent
sites contain materials attributable to the Archaic period.

Archaic, or Pre-Formative sites in the Stallion area are generally large with
low artifact densities. These sites have an average size of 9,922 square
meters (m2) for Archaic properties and 2,871 m2 for 'ithic Unknown sites.
Maximum artifact density averages between 0.04 and 0.09 items per m2.
Archaic and Multicomponent sites average just over 60 centimeters (cm) in
maximum estimated depth, while Lithic Unknown sites are shallower with a mean
maximum depth of 24 cm. Most Pre-Formative sites contain the remains of
fire-using facilities, stone tools, manufacturing debris and grinding
implements. Overall, the pattern of site size, content and structure within
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the sample suggests that, during the Pre-Formative period, the Stallion area
was the focus of short-term residential use probably for the seasonal
exploitation of local plant and animal resources.

No archeological sites could confidently be dated to the Formative Period in
the Stallion sample. Eight of the ten Multicomponent sites did, however,
contain small amounts of ceramic material indicating use during the Mesilla,
Dona Ana or El Paso Phases. It is believed that the basic pattern of land use
in the Stallion area remained unchanged from Archaic times through the
Formative Period. A single historic site--an early 20th century
homestead--was also recorded, and two Multicomponent sites contained small
amounts of historic period materials.

b. North of NASA Site

Sixty-six archeoloqical sites were recorded during survey of the North of NASA
site sample. No evidence of Paleoindian use was found. Fight sites (19%)
date to the Archaic Period, with an additional four Lithic Unknown sites
perhaps associated with this period. Twelve of the 28 Multicomponent site,
(43%) contain Archaic components. These sites' average size was 6,236 m2,
and have artifact densities between 0.04 and 0.36 artifacts per m2.
Estimated maximum depth ranges from 10 to 150 cm. Archaic and Lithic Unknown
site assemblages generally contained fire-cracked rock or intact hearths or
pits, lithic tools and debris showing an emphasis on bifacial tool manufacture
and use, and grinding implements. Based on general impressions of site size,
structure and assemblage content, Archaic period use of the North of NASA area
was probably similar to that of the Stallion area. However, the proximity of
higher altitude resources (especially leafy succulents and large mammals) and
springs along the base of the San Andres Mountains are expected to have
attracted Archaic populations.

Most of the North of NASA sites contained evidence of Formative period
occupation, during the Dona Ana and El Paso Phases. A total of 66 components
distributed among 40 sites are affiliated with the Formative Period. Although
only 12 single component Formative sites were recorded (eight El Paso Phase
and four Dona Ana Phase), all of the 28 Multicomponent sites contained ceramic
evidence of occupation during the three Formative Period divisions. All of
the sites were occupied during the Dona Ana and/or El Paso Phases. Only nine
sites contained Mesilla phase components without later occupations.

Formative Period sites in the North of NASA area are generally quite
extensive. One site, which was not completely defined, covered an entire
survey unit (500 x 500 m) and half of an adjacent unit. This probably cannot
be considered a single site but is best thought of as a continuous site area
containing a large number of similar components largely due to reoccupation.
This same site area appears to continue in an elevational zone on the alluvial
fan for at least four km across and south of the North of NASA area.
Formative sites also contain large amounts of material. The average density
of artifacts on the 28 Multicomponent sites is over two artifacts per m2
with a maximum of almost 12 items per m2. All of these dense sites probably
contain substantial architectural features, although such features were not
observed directly in the majority of cases. Many of these sites are probably
eligible for the National Register of Historic Places.

These Formative Period sites reflect a pattern of subsistence and land use
documented in other parts of the Jornada Mogollon Region and were the focus of
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intensive agricultural activities involving the construction of substantial

adobe pueblos.

c. Orogrande Site

Estimates of site density for the Orogrande alternative site were drawn from
an area slightly larger (59 square kilometers) than the specified size of the
study alternative and based on inventory data gathered during an archeological
survey for Border Star 1985 (BS-85), conducted in 1984(11). This survey
provided a 100 percent survey of transects through the proposed GBFEL-TIE
Orogrande site. A total of 724 archeological sites are known in that portion
of the BS-85 survey area. The majority of these (426 or 58 percent) were
classified as Lithic Unknown. Many of these sites may represent the Archaic
period, but cannot be assigned as a group to that period since some may also
contain ceramics. Only 27 properties (4 percent) were judged to be Archaic on
the basis of collected projectile points.

About 35 percent (253) of the total sites identified was considered to be from
the Formative Period. Twelve sites are considered to be Mesilla Phase, one
site is considered to be Dona Ana, and 32 sites are considered to be El Paso
Phase. The remainder (208) of the Formative Period sites were assigned to the
"Unknown Formative" category. Added to this group are ceramic sites which
were classified as Multicomponent.

Portions of the BS-85 project area being considered for the proposed GBFE'-TIE
contain archeological remains believed to reflect a land use pattern involving
seasonal exploitation of basin floor resources throughout the Archaic Period
and into the Mesilla Phase. The majority of sites are believed to be
residential, with their areal extent, assemblage size and diversity reflecting
differences in group size, length of occupation and number of reoccupations.
Recent excavations of small basin floor sites suggest that many of the medium
to large Formative Period sites will contain small huts or pithouses along
with exterior pits and hearths.

H. Socioeconomic Resources

1. Study Area Definition

For purposes of this analysis, specific areas of probable impact of the
proposed action must be defined. The analysis to follow is directed to these
areas of New Mexico and Texas:

Counties Cities

Bernalillo Albuquerque
Dona Ana Ias Cruces
I-incoln
Otero Alamogordo
Sierra Truth or Consequences
Socorro Socorro
Torrance
Valencia
El Paso (Texas) El Paso (Texas)

These counties surround and encompass WSMR, and the cities represent the major
concentrations of population, commerce and industry in the immediate area
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(Figure 111-16). It is expected that the major impacts of the proposed

action, if any, would be contained in this geographic region.

The socioeconomic factors that will be examined in the following text include:

o population history and projections
o population age distribution
o population sex distribution
o available housing units
o labor force
o employment
o income
o highways
o rail transportation
o bus transportation service
o air passenger and freight service
o religion
o education
o health care
o police and fire protection
o recreation

2. Population History and Projections

Population history and projections for the nine-county area containing,
surrounding and supporting WSMR and the proposed sites are given in Table
111-12. These figures do not include the effects of the proposed action, and
projections of future populations presented should be considered the baseline
without-project populations.

The study area (including El Paso, Texas) contains and will contain a number
of people equal to approximately half of the population of the State of New
Mexico. Major concentrations of population in the immediate area are the
cities of Albuquerque, Alamogordo, Las Cruces, Socorro, and Truth or
Consequences, New Mexico; and El Paso, Texas.

By the end of the century, 1.7 million people are projected to reside in the
study area, an approximate 50 percent increase over current levels of
population. Bernalillo, Dona Ana, and El Paso counties experienced major
growth in the period 1910 to 1980. The rema 4 ning counties exhibited steady
increases or maintenance-level population growth.

3. Age Distribution

The age distribution of the area population, by county, is given in Table
111-13. The under five and 5 to 17 years age groups have the greatest impact
on public schools and other community facilities. The 18 to 64 years age
group contains those persons in the productive years from which the labor
force is drawn. The 65 plus age group indicates additional needs for
community services and facilities, health care, social activity and a number
of requirements that serve this growing age group.

The counties in the study area exhibit similar age distributions with the
exception of Sierra, which reflects the large number of retired persons in the
Truth or Consequences area. Rural counties also tend to have somewhat smaller
proportions of children and greater proportions of elderly than do urban
counties.
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Table 111-12
Population History and Projections

Study Area and State of New Mexico, 1910-2005

Counties
Year Bernalillo Dona Ana Lincoln Otero Sierra Socorro Torrance Valencia El Pasc Total

1910 23,606 12,893 7,822 7,069 3,530 14,761 10,199 13,320 52,599 108,9/3
1920 29,855 16,548 7,823 7,902 4,619 14,061 9,731 13,795 101,877 162,561
1930 45,430 27,455 7,198 9,779 5,184 9,611 9,269 16,186 131,597 200,093
1940 69,391 30,411 8,557 10,522 6,962 11,422 11,026 20,245 131,067 209,967
1950 145,673 39,557 7,409 14,909 7.186 9,670 8,012 22,481 194,968 281,711
1960 262,199 59,948 7,744 36,976 6,409 10,168 6,497 39,685 314,070 441,812
1970 315,774 6,877 7,560 41,097 7,189 9,763 5,290 40,576 359,291 437,067
1980 421,500 97,100 11,100 44,900 8,473 12,700 7,524 *30,900 479,899 1,114,096
1985 465,900 115,800 14,400 51,000 9,078 15,000 8,370 36,200 565,000 1,280,748
1990 525,800 131,300 17,700 58,500 9,420 16,800 9,212 40,900 615,000 1,424,632
1995 575,800 145,000 20,300 63,300 9,682 18,100 10,037 45,100 685,000 1,572,319
2000 614,800 158,300 22,300 71,700 9,837 19,200 10,856 48,700 735,000 1,690,693
2005 652,100 171,400 24,100 77,800 9,935 20,300 11,703 52,300 785,000 1,805,138

*Valencia County was divided into Valencia and Cibola Counties in 1981
Population projections were made for years 1985-2005
Source: New Mexico Health Systems Agency, Albuquerque, New Mexico

Bureau of Business and Economic Research, University of New Mexico, Albuquerque, New Mexico
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Table 111-13

Age Distribution (%) of the Population

County Under 5 5 to 17 18 to 64 65+ Median Age Total

Bernalillo 7.7 21.3 62.9 8.1 28.2 419,700
Dona Ana 8.7 23.7 60.4 7.2 24.8 96,340
Lincoln 7.1 21.4 59.3 12.2 32.1 10,997
Otero 9.3 23.5 60.6 6.6 25.6 44,665
Sierra 4.8 17.3 48.4 29.5 49.4 8,454
Socorro 9.4 24.1 57.7 8.8 25.3 12,566
Torrance 8.8 24.0 55.2 12.0 30.0 7,491
Valencia 10.5 25.7 56.4 7.4 25.5 30,900
El Paso 9.4 25.9 58.1 6.6 25.0 479,899

Total New Mexico 8.8 23.3 59.0 8.9 27.4 1,302,894

Source: County and City Data Book, 1983(47); U.S. Census, 1983(48)

These tendencies are also exhibited by the median ages in the study area
counties. Urban counties have lower median ages; rural counties tend to have
higher median ages, and Sierra's is the highest in the state.

4. Sex Distribution

The distribution of males and females in the study area population is evenly
distributed by sex (Table 111-14). The number of males and females differs
only slightly.

5. Available Housing Units

The 1980 census gives a background inventory and view of the available housing
stock in the study area. Table 111-15 presents the distribution of housing
units in the study area and in selected cities within the area.

The study area contains approximately 420,000 housing units, according to the
1980 census. Approximately one-third were rental units. The urban areas,
however, have added units to the aggregate stock since 1980. Between 1980 and
1984, the City of El Paso added approximately 20,000 new units to its local
markets. Albuquerque, Las Cruces and Alamogordo have shown similar trends.
The basic housing stock in the study area is currently estimated to contain
over a half million units.

A review of the current availability data from local sources was conducted to
identify that portion of the housing stock that would be available for
occupancy by new workers. Table 111-16 indicates the status of the housing
market in the urban centers within the study area as of August, 1986.

Currently, there are approximately 7,000 homes for sale in the study area and
approximately 8,000 apartments available for rent. There are no significant
numbers of single family homes available for rent. According to local
realtors, mobile homes are only a small segment of the rental housing market.
People tend to buy mobile homes and rent available spaces.
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Table 111-14

Distribution of the Population, by Sex, 1985
Counties and State of New Mexico

Sex Distribution
County 1985 Population Males % Males Females % Females

Bernalillo 465,900 227,359 48.80 238,541 51.20
Dona Ana 115,800 57,205 49.40 58,594 60.60
Lincoln 14,400 7,546 52.40 6,854 47.60
Otero 51,000 24,837 48.70 26,163 51.30
Sierra 9,078 4,684 51.60 4,394 43.40
Socorro 15,000 7,215 48.10 7,785 51.90
Torrance 8,370 4,218 50.30 4,152 49.70
Valencia 36,200 17,774 49.80 18,426 50.20
El Paso 565,000 277,150 49.10 276,850 50.90

New Mexico 1,308,764 645,221 49.30 663,548 50.70

Source: New Mexico Health Systems Agency(49); Bureau of Business and
Economic Research, University of New Mexico(50)

Table 111-15

Available Housing Units, 1980

Total Number
County/City Units Occupied

Bernalillo 162,126 151,037
Dona Ana 33,944 30,402
Lincoln 21,083 18,947
Otero 17,951 14,608
Sierra 5,392 3,745
Socorro 4,636 4,026
Torrance 3,309 2,465
Valencia 22,353 19,113
El Paso 147,964 134,368

Total (Counties) 418,758 378,711

Albuquerque 132,788 124,032
Alamogordo 9,495 8,629
Las Cruces 17,714 16,165
Socorro 2,659 2,404
Truth or Consequences 3,167 2,487
El Paso 134,368 134,265

Total (Cities) 300,191 287,982

New Mexico 507,513 441,466

Source: U.S. Census of Population and Housing,
1980(48)
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Table 111-16

Housing Availability, 1986

Homes Average Total
For Home Apartments Median Apartment Units

City Sale Price Available Rent Vacancy Available

Albuquerque 650 $93,000 2500 $400 10-15% 3150
Alamogordo 600 55,000 300 300 5-15% 900
Socorro 60 70,000 150 400 <10% 210
Las Cruces 863 67,000 1400 300 <5% 2263
Truth or

Consequences 450 42,000 250 300 10-40% 700
El Paso 4058 88,000 3500 310 10-15% 7558

Total 6681 69,000 8100 342 10-15% 14,781

Source: Chambers of Commerce; Boards of Realtors; Local Realtors

6. Labor Force

The portion of the population that is included in the labor force is normally
those persons that are available for work and aged 16 to 64 years. Table
111-17 shows the number and percent of these persons in the labor force, by
county, in 1980. Estimated labor force of the State of New Mexico has
increased to approximately 620,000 as of 1985.

7. Employment

Retail trade, construction and manufacturing dominate employment in the area,
followed by agriculture, forestry and fisheries. Wholesale and service trades
are a significant secondary portion of employment. Estimates of the local
construction labor force available to each proposed site are presented in
Table 111-18.

8. Income

The 1980 income levels for the study area, which are the most recent published
data available, are given in Table 111-19. The highest median incomes for the
study area occur in Bernalillo County and the lowest in Sierra County.

9. Transportation Systems

The study area is well served with land and air based transportation
facilities. Area highways, railroads and airports appear to be adequate.
These facilities are described further in the following paragraphs.

a. Highways

WSMR and the immediate area are served by a network of interstate, Federal and
state highways.

Interstate Highway 10 connects Las Cruces, New Mexico and El Paso, Texas to
points east and west. Interstate 25 originates at Las Cruces and crosses 1-40
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Table 111-17

L..abor Force, 1980
Counties and New Mexico

% Aged
16-64

In In
Persons Labor Labor

County 16-64 Force Force

Bernalillo 260,551 224,795 86.3
Dona Ana 62,176 45,918 73.9
Lincoln 6,750 5,613 83.2
Otero 28,941 22,223 76.8
Sierra 4,333 2,722 62.8
Socorro 7,685 5,694 74.1
Torrance 4,421 3,150 71.3
Valencia 19,456 14,334 73.7

El Paso 329,296 217,202 65.9

New Mexico 723,609 541,651 74.9

Source: U.S. Census of Population and Housing, 1980(48)

at Albuquerque. These interstate highway facilities carry a major portion of
intermarket and interstate commerce to and from the study area.

The Federal or U.S. highway system in the area is a network of six major
routes that serve the major portion of the WSMR and immediate area. U.S.
Highways 54, 70, 80, 82, 85 and 380 form an interregional access network to
service facilities in the area.

The state highway system in the area consists of State Highways 28, 33, 51 and
52. These facilities are the primary responsibility of the State of New
Mexico, and they provide access to local markets and urban areas.

In addition, there are numerous roads within the WSMR. These roads serve
activities within the range and are primary circulation routes within the
facility. U.S. 70 connects Las Cruces and Alamogordo, New Mexico and bisects
the southern portion of the range. This highway is a primary route between
urban areas and areas within the range. Road closures commonly occur (about
four times per week) on U.S. 70 due to various activities (e.g., missile
firings) at WSMR. Closures last no longer than one hour.

b. Rail Transportation

The study area is served by three major railroads. To the east of WSMR lie
the north-south tracks of the Southern Pacific Railroad that connect El Paso,
Alamogordo and markets to the north.

To the west of WSMR the Atcheson, Topeka and Santa Fe Railroad connects El
Paso to Socovro and markets to the north. El Paso is also served by the Union
Pacific/Missouri Railroad.
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Table 111-18

Estimated Available Construction Labor

(A) (B) (C) (D) (E) (F)
1980 1980 1235 1985 1985 1985

Estimated
Employed Estimated Experienced

in Estimated Employed in in Estimated
County Population Construction Population Construct. Construct. Available

OROGRANDE SITE

Dona Ana 96,340 3,026 115,800 3,637 4,547 364
Lincoln 10,997 570 14,400 746 933 75
Otero 44,665 905 51,000 1,033 1,292 103
Sierra 8,454 149 9,078 160 200 16
El Paso 479,899 10,318 565,000 12,147 15,185 1,215

Totals 640,355 14,968 755,278 17,723 22,157 1,773

NORTH OF NASA SITE

Dona Ana 96,340 3,026 115,800 3,637 4,547 364
Otero 44,665 905 51,000 1,033 1,292 103
Sierra 8,454 149 9,078 160 200 16
El Paso 479,899 10,318 565,000 12,147 15,185 1,215

Totals 629,358 14,398 740,878 16,977 21,224 1,698

STALLION SITE

Bernalillo 419,700 13,355 465,900 14,825 18,531 1,483
Lincoln 10.997 570 14,400 746 933 75
Sierra 8,454 149 9,078 160 200 16
Socorro 12,566 410 15,000 489 612 49
Torrance 7,491 299 8,370 334 418 33
Valencia 30,900 1,015 36,200 1,189 1,486 119

Totals 490,108 15,798 548,948 17,743 22,180 1,775

The ratio of Total Population (1980) to Employed in Construction (1980) was applied to 1985
Estimated Population and adjusted using a and b below.

Formula = B x C = D x 1.25 = E x .08 = F

a. The ratio of employed in construction to experienced in construction for 1980 for New
Mexico and El Paso MSA. (a= 1.25)

b. The average general unemployed rate for the study area, August, 1986. (b - 0.08)

Sources: U.S. Department of Commerce, General Population Characteristics, 1980(48);
Detailed Population Characteristics, 1980(42); Bureau of Business and Economic
Research, University of New Mexico, L.as Cruces, 1975(50); and New Mexico
Department of Employment Security(28)

111-64



Table 111-19

Area Income Levels, 1980
Counties and New Mexico

Median Income ($)
Per Per Per

County Household Family Capita

Bernalillo 16,239 19,294 7,136
Dona Ana 12,362 14,914 5,284
Lincoln 13,425 15,817 6,368
Otero 13,416 14,711 5,379
Sierra 7,959 10,350 4,634
Socorro 10,910 12,219 4,469
Torrance 10,830 11,978 4,691
Valencia 16,178 17,832 5,850
El Paso 11,404 12,222 3,529

New Mexico 14,655 16,930 6,120

Source: U.S. Census of Population and Housing, 1980(48)

c. Bus Transportation Service

Passenger and small package bus service in the study area is considered
adequate for the population densities and distances between urban areas. Bus
service is provided from 14 points within the study area to nation-wide
locations. Service is provided from El Paso, Las Cruces, Alamogordo, Socorro
and Truth or Consequences. Continental Trailways and Greyhound Bus Lines
offer services to major points in the study area, and interregional companies
provide local connections and service to those lines.

d. Air Passenger and Freight Service

Air passenger service is available in the area at Albuquerque, Las Cruces,
Alamogordo and El Paso. A total of 11 air carriers provides passenger service
from these airports. Other airports in the area are primarily for private
flying and no passenger flights are available. Las Cruces International and
Alamogordo Airports provide connecting flights to Albuquerque and El Paso.

10. Public Services and Social Institutions

The following section describes the availability of existing facilities in the
areas of religion, education, health care, law enforcement and recreation.

a. Religion

There are over 700 churches in the study area, located primarily in the six
major urban areas. Most major denominations are represented.

b. Education

r, •30 public schools are located in the six urban areas surrounding WSMR.
Aaoitional schools are located in outlying regions. Table 111-20 shows the
distribution of urban area schools.
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Table 111-20

Public School Facilities, 1986

City Elementary Junior High High School

Albuquerque 73 23 10
Alamogordo 9 1 1
Las Cruces 17 4 2
Socorro 4 1 1
Truth or Consequences 1 1 1
El Paso 83 19 15

Total 187 49 30

c. Health Care

Generally accepted planning standards (New Mexico Health Systems Agency,
1986)(49) call for approximately 150 physicians and 400 hospital beds
available per 100,000 resident population. As can be seen from Table 111-21
below, only Bernalillo County (Albuquerque) meets or exceeds the standard
recommended for physicians. Four counties exceed the standard for hospital
bed availability. Rural areas generally have a deficit in both physicians and
hospital services. Rural residents usually travel to the urban centers for
extensive or specialized health care.

Table 111-21

Medical Facilities Available within the Project Counties

Physicians Hospitals Hospital Beds
Rate Rate

County Number (per 100,000) Number Number (per 100,000)

Bernalillo 1061 252.8 14 2289 545.4
Dona Ana 85 88.2 1 183 190.0
Lincoln 11 100.0 1 42 381.9
Otero 34 76.1 3 122 273.1
Sierra 6 71.0 1 115 1360.3
Socorro 5 39.8 1 42 334.2
Torrance 2 26.7 0 0 0
Valencia* 12 39.3 2 237 774.0
El Paso (Texas) 613 127.7 17 2535 528.2

*Figures for Valencia County are estimates. Valencia County was divided into
Valencla and Cibola Counties in 1981.

Source: U.S. Census County and City Data Book, 1983(48)
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d. Police and Fire Protection

Police and fire protection are public safety services provided by municipal
and county police and fire departments, volunteer fire departments, state
highway patrols and state and Federal control agencies. WSMR has its own
security and fire departments which provide service on the WSMR grounds.
Present levels of protection are apparently adequate to meet the perceived
needs of the various local populaces.

e. Recreation

New Mexico has millions of acres of wild lands available for outdoor
recreation such as hunting, fishing, hiking and camping. Within the study
area are 15 state parks, two national monuments, three national wildlife
refuges and seven national forests. Carlsbad Caverns National Park is within
a three hour drive of the WSMR facility. Municipal parks and recreation
facilities are present in adequate numbers in all of the urban areas: El Paso
(81); Las Cruces (26); Alamogordo (15); Socorro (2); Truth or Consequences
(3); and Albuquerque (197). Additionally, there are approximately 15 public
and private golf courses in the area.

I. Water Supply and Quality

1. New Mexico Water Law

"New Mexico water law is founded upon and governed by the doctrine of prior
appropriation, i.e., 'first in time -- first in right', and beneficial use is
the basis, the measure and the limit of the right to the use of water". --Article XVI, Sections 2 and 3, New Mexico State Constitution.

a. Surface Water Legislation

Appropriations of surface water are governed by the Surface Water Code found
in Chapter 72, Article 5 of the New Mexico Statutes Annotated (NMSA), 1978.
Under this code, adopted in 1907, surface water in New Mexico may not be
appropriated without application to and a permit from the State Engineer.
Permits are issued only after published notice, and public hearing if
required, and a determination by the State Engineer that there is
unappropriated water available for the benefit of the applicant. Following
such a determination, a permit may be issued prescribing the time within which
the construction shall be completed and within which water shall be applied to
beneficial use. However, there remains little, if any, unappropriated surface
water in the various drainage basins in the state of New Mexico.

b. Groundwater Legislation

In the absence of a declared and defined underground basin, groundwater may be
appropriated without need for a permit from the State Engineer. However, the
State Water Code in Section 72-12-1, NMSA 1978 provides that waters of
underground streams, channels, artesian basins, reservoirs or lakes having
reasonably ascertainable boundaries are declared to be public waters and are
subject to appropriation for beneficial use. The State Engineer is empowered
to determine the boundaries and declare a basin. Once a part of a declared
basin, water may be appropriated as in the case of surface waters only upon
application and permit from the State Engineer. Upon such an application
being filed, the State Engineer again must provide for public notice and
hearing to assist in determining if water is available for appropriation and
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assure that the rights of the other appropriators from the same basin are not

impaired.

c. Recent Water Legislation

Legislation approved during the 1983 New Mexico Legislative Session has
introduced new requirements into the public interest review and determination
made by the State Engineer on all applications for water appropriations.
These include findings that the proposed appropriation is not contrary to
conservation of water within the State and is not detrimental to the public
welfare of the State.

It must be further noted that changes in points of diversion or place of use
of either surface or groundwater must be approved by the State Engineer prior
to making such change. If not so approved following application and notice,
the vested rights to the use of water are subject to forfeiture and loss.

2. Water Resources

a. General

With an average annual rainfall of about 10 inches at WSMR, persistent surface
water is a rare commodity. As previously discussed, virtually all surface
water throughout the region is already appropriated and consequently, wells
(groundwater) are the primary water sources. Much of the well water is in
excess of 1,000 ppm total dissolved solids (tds) which may be in excess of the
quality requirements of the GBFEL-TIE.

Surface waters from the Colorado River Basin are presently being diverted into
the Rio Grande Basin by the U.S. Bureau of Reclamation's San Juan-Chama
Project and could be made available to WSMR. All San Juan-Chama water
diverted into the Basin is currently contracted for or committed to potential
contracts to various entities within the state; but, in most cases this
exceeds their needs for the near future, making this surplus water available
for purchase. The city of Albuquerque is one possible source of San
Juan-Chama water(51).

The specific water availability and water quality presented below as a
function of the three proposed sites was extracted from an in-house Corps of
Engineers document involving geology and water (geotechnical) considerations
at WSMR(5).

b. Stallion Site

The chemical quality of the ground water in the northwestern part of WSMR is
predominantly poor because of the high sulfate content. Small amounts of
water of good to fair quality are present at six localities in the northern
WSMR area. These localities are: (1) Fite Ranch wells, about eight km to the
west; (2) Hardin Ranch well near Rhodes Pass, about 62 km to the south; (3)
Murray well, 35 km to the southeast; (4) Trails Canyon well, 30 km
east-southeast; (5) Baca well, 35 km east-southeast; and (6) small springs
issuing from Pennsylvanian rocks on the back slope of the Sierra Oscura
Mountains about 32 km to the southeast. Over the last 30 years, efforts to
increase the potable water production of these wells have been unsuccessful.
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Two wells at Fite Ranch Headquarters were tested by the U.S. Geological Survey
(USGS) in 1956. The wells are about eight km east of the Stallion site.
Water levels in these wells were 123.1 and 128 meters below the surface and
the water contained 240 and 218 ppm tds. Water in these two wells is potable,
apparently because recharge is mainly by runoff from the volcanic hills of the
Cerro Colorado, to the northeast. The Cerro Colorado is an isolated
mountainous area of porphyritic intrusive rocks rising to elevations above
91.4 meters, and comprising an area of about 15 km2.

The water in these two wells is from the Baca and Datil Formations of Tertiary
age. The well, designated "Fite P.W.", was pump tested at 12 gallons per
minute (gpm). A transmissibility of about 170 gallons per day (gpd) per foot
was indicated and the specific capacity was calculated to be no more than 0.1
gpm per foot of drawdown. Low transmissibilities of this and other wells in
the area were ascribed partially to cementation of the materials. It is
concluded that appreciable quantities of potable ground water are not present
in the northwestern part of WSMR.

Stallion Range Camp, at the northern end of the proposed GBFEL-TIE Stallion
site, is supplied by two nonpotable water wells, SRC-1 and SRC-2, located
about 183 meters and 335.3 meters, respectively, from SRC headquarters.
Pumping test data for SRC-1 at a depth of 228.6 meters showed 200 gpm with a
drawdown of 37.5 meters or 5.3 gpm per meter of drawdown. The SRC-2 well at
243.8 meters yielded 141 gpm with a drawdown of 53.3 meters or 2.7 gpm per
meter of drawdown. Considering that the pumping tests were of relatively
short duration, these rates were probably near maximum dependable yield. The
winter 1984 water level readings were 64.4 meters below land surface in SRC-1
and 65.6 meters in SRC-2. The summer 1984 readings were 64.0 meters in SRC-1
and 65.4 meters in SRC-2. The tds ranged from about 3,100 to 3,300 ppm. A
desalinization plant with a capacity of 100,000 gpd reduces the tds to about
550 ppm. Total production in 1984 was 9,659,000 gallons or about 26,000 gpd.

During the period from 1963 to 1967, seven test wells were drilled in the Rio
Grande River floodplain at the Bosque del Apache NWR. Shallow zones in wells
B-i, B-5 and B-7 contained water of fair quality. The deeper zones of these
three wells and the four other wells yielded poor water quality. Pumping
tests were performed for eight hours on these wells with results as follows:
(1) well B-i, 150 gpm pump rate with 9.1 meters drawdown (i.e., 16.5 gpm per
meter of drawdown); (2) well B-5, 300 gpm pump rate with 5.8 meters drawdown
(i.e., 51.8 gpm per meters of drawdown); and (3) well 8-7, 320 gpm pump rate
with 9.1 meters drawdown (i.e., 35.0 gpm per meters of drawdown). Development
of four supply wells in this area would be expected to satisfy the proposed
GBFEL-TIE water supply requirements but may not be of acceptable quality.

Most surface water rights in the State of New Mexico have been appropriated;
however, many entities have rights in excess of their needs and this water
could be made available for purchase. One possible source would be water from
the Colorado River Basin which is presently being diverted into the Rio Grande
Basin by the U.S. Bureau of Reclamation's San Juan-Chama Project. All San
Juan-Chama water diverted into the Basin is currently contracted for, or
committed to potential contracts to various entities within the state; but, in
most cases, exceeds their needs for the near future, making this surplus water
available for purchase. The same type of purchase agreement would be required
whether it be surface water withdrawal from Elephant Butte Reservoir or ground
water from a well field in the vicinity of the Bosque Del Apache NWR. A
determination would have to be made as to the amount of water which would have
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to be released into the Rio Grande to compensate for any potential to flow.
In the case of ground water withdrawals, a well permit would have to be
obtained from the State Engineer. Easements, permits and clearances would be
required for a pipeline to the Stallion site. Existing water rights can be
purchased and transferred for the duration of the project after obtaining the
required permits from the State Engineer.

c. North of NASA Site

Wells to the west of the North of NASA site, in the Jornada del Muerto Basin,
contain water which is unconfined or semiconfined from permeable beds of sand
aiid gravel in the bolson deposits. The bolson deposits and the saturated zone
within the deposits thin toward the mountains; thus, the probability of
obtaining an adequate supply of water decreases with nearness to the
mountains.

Only a few low-capacity wells operate in the immediate area of the site. Two
springs occur near the site: Cottonwood Spring about 1.4 km south of the site
and Ropes Spring about 6.4 km to the southeast. "New Well" is situated in the
north-central area of the candidate site. The ground elevation of the well is
1,573 meters above MSL. Water level measurements in the early 1970s varied
between 35.5 and 36.6 meters below ground surface. The well is wind-mill
powered and water is piped to a tank to water stock.

Efforts were made in 1962 to obtain potable ground water for the National
Aeronautics and Space Administration (NASA) Apollo Propulsion System
Development facility, 13 km to the south of the proposed site. Six test wells
were drilled at the NASA site. Four of the wells apparently did not penetrate
a sufficient thickness of saturated bolson deposits to yield the required
quantity of water and as such, were not developed further. The two wells, I
and J, which were sited further down the slope away from the mountains,
penetrated 208 meters and 183.5 meters, respectively, of saturated bolson
deposits. Both wells I and J were tested at 1,000 gpm for 24 hours. The
water level in well I was lowered from a depth of 97 meters to 119.2 meters.
The specific capacity was 44.9 gpm per meter of drawdown. The level in well J
was lowered from a depth of 102.7 meters to 118.3 meters with a specific
capacity of 64.3 gpm per meter of drawdown. Semi-log plots of recovery versus
time indicated a coefficient of transmissibility of 14,783 gpd per meter for
well I and 24,293 gpd per meter for well J. USGS personnel who supervised the
drilling and testing of these two wells concluded that the coefficients of
transmissibility are on the order of those expected for bolson deposits, and
the relatively small drawdown of water levels indicates that the wells are in
good hydraulic connection with the aquifer.

Another potential water source would be the Rio Grande Valley. A purchase
agreement would be required to withdraw ground water from wells in the Rio
Grande alluvium downstream from Elephant Butte Reservoir. If new supply wells
are drilled, a permit from the State Engineer would be required. A
determination would have to be made as to the amount of water to be released
from Elephant Butte Reservoir to offset ground water withdrawals. Easements,
permits and clearances would be required for a pipeline to the North of NASA
candidate site. Existing water rights can be purchased and transferred for
the duration of the project after obtaining the required permits and approval.

Three domestic supply wells are situated between wells I and J and the
candidate site, at about the same distance as the I and J wells from the
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mountains. The "Taylor" well, about five km north of the I and J wells, was
drilled to a depth of 122 meters. Two wells at Jornada Reserve Headquarters,
about eight km northwest of the Taylor well and 15 km southwest of the center
of the candidate site, provide potable water.

d. Orogrande Site

The most important aquifer in the Tularosa Basin is the valley fill. In tile
inid-basin the valley fill is several thousand feet in thickness. Near the
periphery of the basin, the rock outcrop slopes steeply into the basin. With
very few exceptions, the only potable water in the basin is encountered in
these peripheral areas, usually within 1.6 to 4.8 km from the mountain front
and usually associated with alluvial fan deposits. Little recharge capacity
is noted for this basin.

Ground water at the Orogrande Range Camp, situated at the southeastern corner
of the proposed GBFEL-TIE Orogrande site, is higher in tds and chlorides
content than the ground water at Stallion Range Camp. Total dissolved solids
range from 2,000 to 3,700 ppm. Wells drilled near the site encountered water
at 228.6 meters. As many as 20 supply dells may be required to provide water
in the quantities required for the GBFEL-TIE project.

The Orogrande Range Camp is presently supplied by a pipeline from the WSMR
headquarters well field, approximately 24 km to the west. The water flows by
gravity from the well field to a 250 gpm capacity booster station at Launch
Complex 38 which is 11 km west of the Range Camp. The 24 km of pipeline
ranges from 20.3 to 30.5 cm in diameter. The pipes are old, and vary in
composition, including cement-asbestos, cast iron and steel. Use of this
pipeline for the project would require improvements and renovation.

The Post headquarters well field consists of 10 wells located in an area north
of the headquarters area called the re-entrant. Pumpage in the early
seventies declined from about 940 million gallons (MG) in 1971 to about 660 MG
in 1976. The well field was experiencing a steady decline in water levels
during this period. Water levels dropped from about 172.2 meters below
surface in 1970 to about 176.8 meters below the surface in 1976. Pumpage from
1977 to 1984 has ranged from about 638 MG to about 715 MG per year, but the
water levels have continued to decline at an average rate of about 0.61 meters
per year. Water is being mined presently at the pumping rate of approximately
648 MG per year. Current recharge rate for this field is approximately 425 MG
per year.

The quality of the water is unusually good. From analyses in 1984, tds
generally ranged from 200 to 270, except in supply wells 11, 13 and 20. The
average tds for these three wells was 420 ppm. However, higher water
production would accelerate the falling water table and increase the potential
saltwater intrusion.

The Post headquarters well field,. which had a production of 1.78 mgd in 1984,
can be supplemented by utilizing the reserves of the Soledad Canyon aquifer,
which is located on Army-owned land roughly 11 km southeast of the WSMR post
area. WSMR water resource planners and the United States Geological Survey
have identified the Soledad Canyon aquifer as the most economical source of
increased water reserves for the installation, and the threat of saltwater
intrusion into the headquarters well field can be mitigated by balancing water
withdrawals between the Soledad and headquarters aquifers and proper well
spacing and pump rates.
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Two proposed alternatives involve the Soledad well field. One would specify a
direct pipeline from the field to the candidate site; the other would require
a two million gallon storage tank at Post headquarters and a 50.8 cm line from
it to the well field. Renovation of the existing main from Post headquarters
to the site would also be required.

Recharge to the headquarters well field represents abol't 65 percent of annual
pumpage. Recharge is about 1,300 acre feet/year; pumpage was 2,000 acre feet
in 1984. Based on the fact that the well field is not positioned tu intersect
all of the ground water flow in the re-entrant (post) watershed, and that the
wells are only pumped for 12 hours each day, it has been estimated that only
about 33 percent of the recharge is effectively being used. The amount of
water being mined wis about 1,567 acre feet in 1984, or 78 percent of the
pumpage.

Recharge in the Soledad watershed is estimated at 750 acre feet/year. Since
two wells, pumping 750 gpm each, could exceed the requirements for the
GBFEL-TIE project, it is anticipated that part of the production could be
dedicated to other uses. One well would probably be pumped 12 hours per day,
or less. Total annual production would be about 3,000 acre feet. Assuming
that conditions are similar to those in the headquarters watershed, about 56
percent of the recharge would be captured, or about 420 acre feet per year.
Approximately 2,580 acre feet per year, or 86 percent of the production, would
be mined water. If the production in the Soledad well field is managed
properly, indications are that the estimated recoverable resource, 2.3 million
acre feet, would have a life expectancy of almost 900 years. Because of this
extensive supply, this source would be the most cost effective alternative
water supply.

Comments on the Draft EIS indicated that water could be made available to the
Orogrande site from wells at McGregor Range, under the jurisdiction of Fort
Bliss Military Reservation. Three wells identified on range maps as abandoned
oil wells do, in fact, contain water. However, based on the classification of
the basin fill materials in this area, it is probable that the alluvium is
saturated with saline water which would not meet the GBFEL-TIE criterion. In
addition, this area is further from the site than the Soledad Canyon aquifer,
and would therefore have higher pumping costs.

J. Air Access

Restricted airspace is provided at WSMR to facilitate the range mission by
controlling aircraft for safety and containment of potentially hazardous
research and development operations(1). The restricted airspace also aids in
reducing the possibility of security problems with classified programs in
progress. Program planning must include airspace use considerations to ensure
maximum utilization of the airspace and to preclude violations of its purpose.

The restricted airspace directly over the main range area, plus the extension
areas (previously illustrated in Figure 1-2), exist from the surface to
unlimited altitudes. Figure 111-17 represents the airspace boundaries with
respect to each site. Restricted airspace areas immediately surrounding the
range have also been established with varying altitude restrictions. This
additional restricted area provides airspace needed for specific programs, and
is only activated at specified times which are coordinated through WSMR
National Range Directorate (NR). Depending on test scenarios and site
selection, more restricted air space than presently exists may be needed to
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insure that the laser beam exits restric.ted airs pace above 50,000 feet MSL
durinq space or airborne firing, as required by [ederal Aviation
Administration (FAA) Regulations. This airspace would be restricted on an
as-needed call-tip basis only during tests utilizing space or airborne targets.

The WSMR Deputy for Air Force Operations acts as executive agent for WSMR in
requesting restricted area airspace designations from FAA and acts as overall
airspace manager. Mission Control at Holloman AFB provides real-time cornt'ol
of the airspace for WSMR. WSMR, through Mission Control, is the approving
authority to grant clearance for airspace penetration and overflights of the
restricted areas.

While non-participating aircraft normally are not allowed access into
restricted airspace, they may request permission from WSMR to fly into
restricted areas. Such flights, when authorized, are closely controlled.
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IV. ENVIRONMENTAL CONSEQUENCES

A. Climate

Construction and operation of the GBFEL-TIE facility would have no measurable
impact on the area's climate at any of the sites.

The climate, particularly local weather conditions, would affect the operation
of the facility. Excessive winds, particulates, precipitation, clouds, etc.
and any other disturbance within the atmosphere, depending upon the severity,
could cause temporary cancellation of laser testing.

B. Geology

The GBFEL-TIE project would have little to no impact on the geology of WSMR.
There would, however, be impacts on the soil and surface features which are
discussed below under soils.

Geology and seismicity do affect the choice of facility orientation,
construction and operation. Surface geology defines the existing soil types,
including gypsum deposits which would be a deterrent to facility operation.
While the seismic difference among the sites is a factor in site selection due
to its potential effects on sensitive optical equipment, seismic risk is also
a factor in the required design and construction of the facility to prevent
damage from seismic activity. The potential degree of disruption to
experimental equipment is not analyzed in this document.

The effect of any physical damage to the environment, should seismic waves
occur, would most likely be confined to the effects of any liberated hazardous
substances present at the site or fires produced by explosion. Seismic risks
are greater at Stallion than at the other two sites, as discussed in Section
III.

It is presently unknown whether a railroad spur would be necessary. However,
this is the only utility right-of-way at any of the sites that would
potentially interfere with mining activities.

If a railroad spur right-of-way is required for the Orogrande site, it may
have to traverse lands within the Orogrande Mining District. This would
restrict mining activities within the immediate area of the right-of-way.
However, due to the relatively minimal amount of land that would be required,
the effect would be insignificant. Coordination with the Orogrande Mining
District during design and selection of the route would assure the minimum
interference with mining activities. The distance from any of the proposed
sites to any mining district would attenuate any potential effects that mining
activities (e.g., blasting, rock crushing, etc.) may have on the proposed
GBFEL-TIE. No problems are foreseen in coordinating GBFEL-TIE operations with
construction, blasting, and heavy equipment movement associated with mining
operations. No competition for water is anticipated since construction water
would be supplied from existing lines to WSMR headquarters well field and
operational water would be supplied from a new field on the Fort Bliss
reservation.

C. Soil

Construction of the GBFEL-TIE facility would cause some leveling and/or
resurfacing of the soils in the affected area. The affected surface area
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would 'e about 2,500 acres. Dust and affected soil would be transported by
winds during construction activities. It is expected, however, that this
effect would be local and the amount of soil transported by winds would be
slight, particularly when nitigated by the application of spray mist water on
sensitive areas. Extensive excavation for placement of the underground beam
tunnel would also be required. The specific topography and
orientation/location at each ;it- as well as the excavation depth would
determine the actual volume o; earth moved.

Excavation and emnbankment quantities for grading of the GBFE'_-TIE facilities
and support items such as rodds and utilities will be gnvorned by final design
featires sJc0 ds gradients, flow lines, cunstruction techniques, amount of
unsuitable material, etc. Project design efforts will utilize a balancing of
earthwork quantities, but may dictate a ned for borrow pits and/nr ;;)oil
sites.

There could also he alterations of the natural surface drainage. Orientation
of the propos-d GBFEL-TIE facility at each site is the result of consideration
of all potential iMpacts (soils, biological and cultural resources and
drainage). From a soils and drainage standpoint, an orientation parallel to
the natural surface features would minimize the drainage and erosion impact.
Other more important constraints may result in a choice of less than ideal
orientation for drainage. Figures IV-i through IV-3 illustrate major drainage
channels and preferred facility orientations at the Stallion, North of NASA
and Orogrande sites, respectively.

No significant impacts on drainage would result from the proposed GBFEl-TIE at
,the Orogrande site. The proposed facility, if located at the Stallion site,
would be near the terminus of a drainage system. Several drainages could be
affected, particularly within the ground target range, if the North of NASA
site is selected. Proper engineering design and construction could nitigate
adverse impacts (e.g., drainage impediment, increased erosion) to any of the
drainages at either Stallion or North of NASA.

The Orogrande and North of NASA sites would be constructed primarily on dune
land terrain. Although not truly a soil type, dune lands have limitations and
features similar to those of soils. They have a severe hazard of blowing
(affecting foundations and roads/streets), severe excavation sidewall
instability, and high hazard for pipeline construction. The proposed
construction site for the Stallion alternative is composed predominantly of
Yesum Holloman fine sandy loam and onite loamy fine sand soils. These two
soils present little hazard of soil blowing. The onite is highly suitable for
foundations and roads but the Yesum is high in gypsum with severe hazard to
concrete. The hazard to concrete could be mitigated by using a specially
fortified mixture. The extreme permeability of all these soils indicates that
sewage lagoons may require lining.

Operation of the facility should have no impact on the soils in the vicinity
of the exposed optical system (mirrors, etc.). Natural or artificial ground
cover would be used to minimize atmospheric interference from dust and
particulate matter.

In addition to the impacts from the facility proper, roads and utility
rights-of-way servicing the facility would also affect soils and drainage.
Each right-of-way selected would be the subject of an additional environmental
analysis. Approximate rights-of-way routes are discussed below under
biological resources and cultural resources.
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Figure IV-l. Drainage Pattern and Preferred Facility Orientation
at the Stallion Site.
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Figure IV-2. Drainage Pattern and Preferred Facility Orientation
at the North of NASA Site.
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D. Air Quality

1. General

There are three types of air pollution sources that would be associated with
the GBFEL-TIE project. These sources are: (1) dust emissions due to
construction; (2) emissions such as carbon monoxide (CO), sulfur oxides
(SO ) nitrogen oxides (NO7) and hydrocarbons due to the operation of heavy
equipment at the construction site; and (3) power generation for the project
which would produce the same type of pollutant emissions as for the heavy
equipment. It is considered that the first two types of pollutant emissions,
i.e., construction dust and heavy equipment, would be short-term effects in
the immediate area. Pollutant emissions due to power generation would affect
the immediate area intermittently during the operating phase.

In addition, space heating and commuter traffic would add to the project
emissions. Space heating would occur during the Winter months only and would
result in only minor emissions. Engine exhausts would emit carbon monoxide,
hydrocarbons and nitrogen oxides. The total quantity of the pollutants cannot
be predicted precisely because total fuel consumption, total vehicles and
vehicle use time is not established. However, these emissions would be
dispersed over a wide uninhabited area, and thus would not be expected to
significantly affect the area's air quality.

2. Dust Emissions due to Construction

Airborne dust emission would occur from the operation of vehicles and from
excavation by heavy equipment. These emissions would continue during the
construction phase but would be expected to have no significant effect on
areas outside of WSMR. The fugitive dust could be minimized by spreading
water and/or dust suppressants on the construction areas and construction
access roads. The amount of water required to control fugitive dust would
depend upon construction activities and climate conditions. However, it is
estimated that this amount would not exceed the 1,400 acre feet per year that
would be required during the operation phase. Water and/or standard dust
suppressants are commonly used during major construction projects and are not
expected to have a significant effect on area wildlife and plant communities
or the quality of ground water supplies.

3. Emissions due to Operation of Heavy Equipment

The construction of buildings, roads, laser installation, etc. would require
the use of heavy equipment. As mentioned previously, there would be emissions
of particulates, carbon monoxide, sulfur oxides, nitrogen oxides and
hydrocarbons from the operation of these vehicles. The amount and
concentration of the emissions would depend on duration of equipment
operation, types and numbers of vehicles and climatic conditions such as
temperature, wind speed and wind direction. It is expected that the
environmental effects: (1) would'be temporary and would subside after
cessation of construction activities; (2) would be widely dispersed in
relatively isolated and remote areas of WSMR; and (3) would have no
significant long-term effect on the environment.
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4. Emissions due to Electric
Power Plant Operation

The operation of four 5-megawatt natural gas/diesel oil operated electric
generators would produce emissions of particulates, carbon monoxide, sulfur
oxides and nitrogen oxides. These four generators might be needed as stand-by
units and would supply emergency power only when electric power is not
available from existing power utility sources; however, the four generators
would be operational during all experimental testing. The maximum total
number of hours that the generators could be expected to be operational would
be 500 hours per year, assuming six tests per day for a 14-day test series
with 10 test series per year. It should be noted, however, that one to two
tests per day would be the most probable test scenario, and thus anticipated
emissions would be much less. The anticipated hourly emissions from these
four generators and the annual emissions under the most probable case (i.e.,
140 hours) test scenarios are presented in Table IV-1. Diesel engines or gas
turbines would produce similar emissions. These emissions could be slightly
reduced by using dual fired (natural gas) engines.

Table IV-1

Emission Factors for Stationary Large Bore
Diesel Engines

Total Annual
Emissions

Type of Emission Rates (tons)
Emission grams/KWH Pounds/Hr* 2 Tests/Day**

NO2  15.0 661.4 46.3
CO 3.9 172.0 12.0
SO 4.3 189.6 13.3
Pahticulates 1.34 59.1 4.1

*Assumes four 5-megawatt generators
**Assumes generators would operate 0.5 hr/test, 14-day test

series, 10 test series per year

Source: U.S. EPA, 1979(52) and Geo-Marine, Inc.

A dispersion model by PTMAX (an interactive computer program of USEPA's UNIMAP
series) analyzes the maximum short term concentration of emissions from a
point source as a function of atmospheric stability and wind speed. It
indicated the highest ground level concentrations (GLC) which could occur
during the most adverse weather conditions. Table IV-2 presents the data
generated by PTMAX for comparison with Federal Secondary Air Quality
Standards. These data indicate that no Federal air quality standard
would be contravened due to the operation of the stand-by power generators.
Thus, the Bosque del Apache NWR or other PSD Class I areas would not be
significantly affected by the proposed project. Although NO? concentrations
ippear extremely high, it should be noted that these levels are hourly
averages and the generators normally would be operating less than 200 hours
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Table IV-2

Hourly Ground Level Concentrations of Emissions
from Stand-by Power Generators*

Parameter GLC** Federal Secondary Standard

Nitrogen dioxides (NO2) 773.0 100 (Annual arithmetic mean)
Carbon monoxide (CO) 201.0 40,000 (1-hour average)
Sulfur dioxides (SO2 ) 221.6 365 (24-hour average)
Particulates 69.1 60 (24-hour average)

*All data presented in micrograms per cubic meter (ug/m3 )
**Hourly average Ground Level Concentrations produced by all four

5-megawatt generators per hour under "worst case" climatic
conditions

per year, or approximately three percent of the time within a year (23
micrograms per cubic meter). Consequently, the annual arithmetic mean
concentration of NO would be expected 5o be far below the Federal Standard
of 100 micrograms pir cubic meter (ug/m ). A copy of the PTMAX calculations
and assumptions is contained in Appendix C of the DEIS.

Stand-by power requirements for the high power phase would be expected to be
the same as the low power phase. At this time, however, neither the exact
power requirements nor the power source for the high power phase of the
GBFEL-TIE project is known. Therefore, estimates of air pollutant emissions
from generation/energy storage devices cannot be made. Such emissions would
be a factor in selecting the power source for the second phase.

It is anticipated that no significant long-term adverse impact on air quality
would result from construction or operation of the GBFEL-TIE facility at any
of the three proposed sites. Mitigation measures (dust suppressants and
reduced equipment operation, where applicable) will be implemented to minimize
adverse impacts to the maximum extent practicable.

E. Noise

Construction noise would be sinlilar to that of other carpentry and concrete
construction with heavy equipment, generators, compressors, various power
tools, etc. This impact would be of relatively short duration and near
pre-project conditions would return upon cessation of construction activities.

Construction workers could be impacted; however, WSMR complies with noise
emission standards and has a comprehensive Hearing Conservation Program which
identifies hazards, establishes control measures with possible worst source
control/examination, provides hearing protection, provides audiometric testing
and instructs in the care and use of hearing protection equipment(1).

As discussed previously, the Antelope WSA is located within seven km of the
Stallion site. Increased noise levels could be detected at the Antelope WSA
during the construction phase depending upon climatic conditions, time of
day/night, and type of construction activity. However, significant adverse
effects on this area would not be expected since the distance would attenuate
most of the noise.
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Noises generated by construction equipment and by the stand-by power
generators (during the operational phase) would adversely affect some wildlife
species. Pronghorn, in particular, are extremely sensitive to human
disturbances and the construction activities could result in further
displacements among the pronghorn populations. Swainson's hawks, which are
known to nest near the Stallion site, would also avoid the project vicinity,
thereby potentially increasing the demands on and competition for available
resource requirements in other nearby areas.

The San Andres NWR, which is adjacent to the North of NASA site, supports one
of the last remaining populations of desert bighorn sheep. This species is
also extremely sensitive to man-induced changes and activities. Construction
noise could cause the sheep to avoid the project vicinity, thus eliminating a
large portion of their present range. In addition, due to the potentially
extended duration of construction, noise and associated disturbances could
induce physiological damages to the sheep(53).

The White Sands National Monument and other environmentally sensitive areas
are far enough away from the Orogrande site that noises from construction and
operation of the proposed GBFEL-TIE would be attenuated. Wildlife in the
immediate vicinity would be affected (e.g., disruption of courtship/nesting
rituals). The magnitude of the effects would vary during different seasons,
time of day and with different distances from the noise sources. Similar
effects would occur at the North of NASA and Stallion sites.

Operation of either the low or high power phase of the GBFEL-TIE facility
would not include any commercial or industrial noise sources more severe than
that of an auxiliary electrical generating plant and required cooling water
and vacuum pumps. Most noises would fall in the category of domestic to light
industry and would be associated with periodic maintenance and landscape
activities. Significant noise levels would not be a product or by-product of
the project. It is also expected that noise baffles would be utilized to
further reduce noise levels, if necessary.

F. Biological Resources

1. Vegetation

Construction of the proposed GBFEL-TIE at any of the sites would result in an
irretrievable loss of habitats. The office space, parking lots, sewage
lagoons, laser test cell, and beam director would require approximately 2,500
acres. Construction staging areas, if needed, would also require grading and
clearing of additional habitats. The amount of construction staging area that
would be required, if any, would be proposed to the GBL project office by the
construction contractor(s). The GBL project office will then closely
coordinate with the WSMR Environmental and Natural Resources Office (ENRO) to
ameliorate additional habitat losses. Although exact area requirements for
structures and roads are not yet known, for the purposes of comparison, it is
assumed that the total site would be cleared and/or fenced and thus eliminated
as available habitat for certain wildlife species, especially large mammals.

The approximate acreage that would be lost at each site under this assumption,
is presented in Table IV-3, by habitat type. This table also provides an
estimate of the amount of vegetative biomass produced by each habitat type.
This provides an indication of the productivity that would be "lost" at each
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Table IV-3

Vegetation Communities That Would Be Lost At Each
Site And The Associated Biomass Productivity

Estimated
Annual Total Annual

Area Productivity Vegetative Biomass
Site/Vegetation Type (acres) (pounds/acre) (tons)

Stallion

Sand sagebrush-soaptree yucca 7,804 200-600 780-2,340
Sand sagebrush 207 200-600 20- 60
Alkali sacaton-tobosa 8,889 400-700 1,780-3,110
Inert 327 0 0

TOTAL 17,227 2,580-5,510

North of NASA

Mesquite-sand dunes 12,922 50-100 320- 650
Shrub-grassland 1,164 200-500 120- 290
Juniper-sand dunes 62 200-500 6- 20
Arroyo riparian* 202 50-100 5- 10
Hills grassland 1,163 200-500 120- 290

TOTAL 15,513 570-1,260

Orogrande

Mesquite-sand dunes 15,127 50-100 380- 760
Sand sagebrush 576 50-100 10- 30
Grassland* 144 400-700 30- 50
Broom snakeweed* 64 400-700 10- 20
Creosotebush 80 50-100 2- 4

TOTAL 15,991 430- 860

*These communities were not specifically identified and assigned a productivity
value by the U.S. Army (1985); thus, they were placed in a comparable category
based upon species composition and soil type.

Source: U.S. Army, 1985(1) and Geo-Marine, Inc.
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site. The most significant impact to vegetation communities would occur at
the Stallion site due to the losses that would be incurred within the
gressland communities. As discussed previously, these habitats are very
sensitie and provide potential habitat for numerous species such as pronghorn
and Baird's sparrow. In addition, the majority of the additional land
required for the ground target range at Stallion would be comprised of
grasslands. While the acreage that would be eliminated at each site is
similar, the amount of annual vegetative biomass that would be lost is much
greater at Stallion (about 5,500 tons) than at North of NASA (about 1,300
tons) or Orogrande (less than 1,000 tons).

The loss of the alkali sacaton tobosa grasslands at Stallion for the laser
fa(ility would represent a reduction of about 16 percent of similar habitat on
WSMR. The hills-grasslands communities at North of NASA that would be
eliminated represent approximately 10 percent of this habitat type presently
available on WSMR; the mesquite-sand dunes comprise about eight percent of
available similar habitat. The mesquite sand dunes communities eliminated at
Orogrande represent about 11 percent of available similar habitat at WSMR.

The ground target range at North of NASA would eliminate about 200 acres of
arroyo riparian habitat, which is a scarce and valuable community in the
desert ecosystem. This habitat type supports a diverse population of wildlife
species and provides a migratory corridor for numerous species. Fencing of
the ground target range would preclude the continued use of these corridors.

Construction of power lines, railroad spurs, roads and pipelines would also
eliminate or alter the areas' vegetation communities. Transmission line
rig!,Ls-of-way (ROW) would be temporarily cleared and graded; however, the
contractor(s) would be required to reseed the ROW as prescribed by WSMR
ENRO(b4). An unimproved road for inspection and maintenance would be allowed
to remain without reseeding. Roads, on the other hand, would result in an
irretrievable loss of certain habitats. The exact route that any of these
facilities would take within the possible corridors illustrated previously
(Se tion II. Comparison of Alternatives) is not presently known and would
oppond upon several variables, including construction limitations (e.g.,
canyons), institutional constraints (e.g., other public and private lands) and
en.'ironmental considerations. These routes would be coordinated through the
WSMR ENRO and in some cases may require a separate environmental analysis to
assLss specific impacts and develop mitigative measures. Table IV-4 provides
an indication of the amount of vegetation that would be affected by
construction of powerlines, roads, water pipelines and possible railroad spurs
to each of the three sites. The data in this table assume the shortest
practical distance required to construct each facility ROW, but are not
-onclusive as to final configuration.

As indicated by these data, the Stallion and North of NASA sites would require
at least three times more land for construction of these facilities, than
Or,,grande, primarily due to the remoteness of the sites.

Normal operations of the GBFEL-TIE at any site would have no significant
;mn)ct upon the area's vegetation. Ingress and egress to the facility would
be restricted to existing or newly constructed paved and/or dirt roads.

AYy accidental fires and spills, on the other hand, would have detrimental
r-ffects to the habitat communities within the immediate area regardless of
site. Fires could be ignited by explosions at capacitor banks, tank farms
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Table IV-4

Potential Habitat Losses, by Site, due to Powerline, Road,
Water Pipeline and Railroad Construction

Stallion North of NASA Orogrande
ROW Length* # Acres Length* # Acres Length* # Acres

Facility (m) (km) (km) (km)

Power transmission 30 50 370 25 190 16 120

Road 25 3 19 38 230 2 12

Railroad 30 43 320 36 270 14 100

Water pipeline 8 44 87 23 45 32 64

Total 800 740 296

*These are estimated shortest practical distances and not necessarily
representative of final configuration.

Source: Moya, 1986(54), General Research Corp., 1986(2), and Geo-Marine,
Inc.

(area reserved for storage tanks), or other components of the laser device.
Similarly, leaks of potentially hazardous chemicals could result from such
explosions. The exact magnitude of the effects of such catastrophes on the
area's vegetation is not quantifiable, but would depend upon several variables
including size and type of explosion, type and amount of leaks and/or fires,
location of fire/leak, season in which the accident occurred, responsiveness
and efficiency of the emergency response team to activate WSMR's Spill
Prevention Control and Countermeasure Plan (SPCCP) and Installation Spill
Contingency Plan (ISCP), and other biotic (general productivity) and abiotic
(climatic conditions) factors. McLaughlin and Bowers(55) investigated the
effects of a burn in a similar desert-grassland community and reported that,
after two years, the density and cover of all the plant species were still
only nine percent and 16 percent, respectively, of that in the surrounding
unburned plant communities.

2. Reptiles and Amphibians

Potential habitats for the barred tiger salamander occur in the extreme
eastern portion of the North of NASA site within the foothills of the San
Andres Mountains. However, the proposed GBFEL-TIE facility would be
constructed in the western areas of the site where the terrain is more level,
and thus better suited for the laser facility. Consequently, construction
activities would not affect this species, if it does in fact inhabit the area.

Elimination of grasslands at the Stallion site would affect populations of the
yellow box turtle, which is the only turtle species known or presumed to occur
in the vicinity of WSMR. The number of turtles that could successfully move
into other nearby areas would depend upon several factors including the time
of year construction was performed; quality, suitability, and carrying
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capacity of nearby habitats; current status of turtle populations; and
distance of suitable habitats from construction sites.

Burrowing or less mobile reptiles and amphibians, such as spadefoot toads and
black-headed snakes, may be crushed at all sites during construction
activities. Other more mobile species, such as western coachwhip and
checkered whiptail, would avoid the immediate area of disturbance. However,
elimination of habitats at each of the sites could result in the loss of up to
35 lizards per hectare (14/acre) of habitat destroyed, based upon herpetofauna
densities from similar habitat types(l). The potential losses, therefore,
would be about 11,200 at Stallion, 10,360 at North of NASA, and 4,200 at
Orogrande.

Normal operation of the laser facility would not significantly affect reptile
and amphibian populations, with the possible exception of firing at ground
targets. Reptiles, in particular, may use the backstop structures constructed
for the ground targets as resting or "sunning" locations. Those reptiles and
amphibians hit directly by the laser beam or indirectly by backscattering or
reflectance would be injured or killed. Lead and concrete shielding would be
installed to contain ionizing radiation outside of the facility to less than
0.002 rads per hour (r/h). This concentration would be further reduced with
distance. Additionally, ionizing radiation would occur only for the duration
of each laser run (i.e., 60 seconds); there would not be any residual ionizing
r3diation to the outside environment after cessation of each test.

Accidental fires or spills, as discussed previously, would cause additional
losses to Ihe herpetofauna either directly (e.g., burned) or indirectly (e.g.,
loss of habitat). Again, the magnitude of these effects would depend upon
numerous biotic and abiotic factors.

3. Fish

The only fish that has been reported on WSMR is the White Sands pupfish
(Cyprinudon tularosa), which is endemic to the Salt Creek drainage basin
dnd associated drainages and springs. The pupfish's habitat areas are 47 km
from the Orogrande site and separated from the North of NASA and Stallion
sites by mountain ranges. Thus, the pupfish would not be affected by the
construction or operation of the proposed GBFEL-TIE.

4. Birds

Since birds are usually mobile, they woula be able to avoid the immediate
construction areas. However, breeding and nesting rituals would be
interrupted each year that construction continues. This disruption may have
significant impacts on the local populations of some species. Those species
expected to be breeding and thus disturbed, are presented by site in Table
IV-5.

Some birds (e.g., mourning doves) would attempt to breed again in another
location if disturbed; however, other species (e.g., golden eagle, Swainson's
hawk, etc.) may not make another attempt, thereby potentially reducing the
local populations of these species.

Elimination of feeding and nesting habitats would also indirectly reduce bird
populations. The U.S. Army(1) reported that bird densities within semi-desert
shrub areas range from a low of 0.046 birds per acre to a high of 0.896 birds
per acre. Table IV-6 presents the estimated number of birds based upon these
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Table IV-5

Breeding Bird Species Presumed or Known to Occur
at or near the Proposed GBFEL-TIE Sites

Potential Occurrence*
Species Stallion North of NASA Orogrande

Swainson's hawk 3 2 2
Red-tailed hawk 3 3 3

Golden eagle 2 2 1
Prairie falcon 2 2 2

American kestrel 2 2 2

Wild turkey 1 2 1

Scaled quail 2 2 2

Gambel's quail 2 2 .2
Mourning dove 2 2 2

Greater roadrunner 2 2 2

Common barn owl 1 2 3

Great horned owl 2 2 2
Northern flicker 1 2 1

Say's phoebe 2 2 2

Western kingbird 2 2 2

Chihuahuan raven 2 2 2

Cactus wren 3 3 3
Northern mockingbird 3 3 3

Curve-billed thrasher 2 2 2

House finch 2 2 2

"1 = little or no chance
2 = good chance due to suitable habitat
3 = known to breed in vicinity

Source: Oberholser, 1974(23); U.S. Army, 1985(1); and
Geo-Marine, Inc.
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Table IV-6

Potential Losses to Bird Populations
due to Habitat Reduction

Requirement* Potential Bird Losses**
Site/Facility (acres) Minimum Maximum

Stallion:
Laser 17,227 790 15,430
Other 800 40 720
Total 830 16,150

North of NASA:
ILaser 15,513 710 13,900
Other 740 30 660
Total 750 14,560

Oroqrande:
I-aser 15,991 740 14,330
Other 300 10 270
Total 750 14,600

*Fr-!n Tables IV-3 and TV-4
**Miniinum density = 0.046 birds/acre;

Maximum density = 0.896 birds/acre

Source: U.S. Army, 1985(1) and Geo-Marine, Inc.
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reported densities, that would be lost, by site, due to habitat reductions
caused by construction of the laser facility. It should be noted that these
estimates represent maximum numbers based upon the area that would be fenced.
Other habitats within the area would remain undisturbed and thus the losses
presented in this table would be much less.

Birds that fly directly into the laser beam would be injured or killed.
However, the chances of this occurring would be extremely remote, especially
considering the safety mechanisms that would be incorporated into the laser
system that would immediately cease or preclude the lasing process if objects
greater than 1.0 cm in diameter are detected near the beam path. On the other
hand, individual birds that utilize the ground target structures for feeding
or resting may be injured or killed from backscattering of the beam's
energies.

Raptors, such as golden eagles and red-tail hawks, use powerline poles for
perching sites and occasionally for nesting sites. If the spacings between
conductors are inadequate, the birds could become entangled or electrocuted.
Measures to mitigate these potential consequences are discussed in the
following section.

As was discussed previously (IV. F. 2. Reptiles and Amphibians), accidental
fires, although unlikely, could occur and would destroy valuable wildlife
habitat. Destruction of these habitats would result in subsequent reduction
in wildlife populations due to reduced prey base and/or other food sources
(i.e., seeds, stems, etc.), stress and overcrowding, and direct death caused
by the fire. The magnitude of these impacts would depend upon the weather
conditions at the time of the fire, location of the fire, type of fire and
efficiency and response time of the fire control and prevention plan.

5. Mammals

The potential impacts to mammals from construction activities would he similar
to the impacts to both herpetofauna and birds. That is, the burrowing species
such as ground squirrels and pocket gophers, may be killed while the more
mobile species (i.e., jackrabbit, pronghorn, etc.) would flee the immediate
area. Some of the smaller rodents would move back into the project area.
However, larger mammals such as pronghorn and gemsbok would probably
permanently avoid the immediate project area. In addition, any fence that
would be placed around the perimeter of the facility and ground target ranges
would preclude the reentry of such species.

The loss of habitats would result in additional irretrievable losses in mammal
populations. The U.S. Army(l) reported densities of small rodents from five
different habitat types. The minimum density (0.27 individuals/acre) occurred
in climactic black grama grasslands; the maximum density reported in a habitat
type that would be representative of the proposed alternative sites was 0.57
individuals per acre. This density was reported for the four-wing
saltbush/mesquite community. Table IV-7 provides an indication of the
potential losses of small mammals, by site, that would occur due to
construction of the laser facility and ancillary structures (e.g., power and
water transmission lines, railroads, and roads). Again, these are maximum
numbers; small mammals would still have access to the fenced areas and thus
these losses would be significantly reduced.

No impacts to mammals would be expected to occur as a result of the normal
operations of the proposed GBFEL-TIE, except for the possible direct or
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Table IV-7

Potential Losses to Small Mammal
Populations due to Habitat Reduction

Requirement* Potential Mammal Losses**
Site/Facility (acres) Minimum Maximum

Stallion:
Laser 17,227 4,650 9,820
Other 800 220 460
Total 4,870 10,280

North of NASA:
Laser 15,513 4,190 8,840
Other 740 200 420
Total 4,390 9,260

Orogrande:
Laser 15,991 4,320 9,120
Other 300 80 170
Total 4,400 9,290

*From Tables IV-3 and IV-4
**Minimum density = 0.27 individuals/acre;

Maximum density = 0.57 individuals/acre

Source: U.S. Army, 1985(1) and Geo-Marine, Inc.
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indirect contact with the beam energies near the ground target structures, as
discussed previously for herpetofauna and birds.

Several studies recently prepared concerning various laser projects proposed
in the the New Mexico area have indicated that cumulative impacts to wildlife
from laser propagation are negligible(56,57,58,59,60,61). However, none of
these or other studies have addressed potential impacts to wildlife from
lasers with the high energy levels that would be expected from the GBFEL-TIE.
As an indication, Table IV-8 provides a quantitative description of the
cumulative impact of all lasers used on WSMR. As can be seen from these data,
quail are more likely to come into contact with hazardous radiation, while
deer and mountain lions receive negligible effects. It should be noted that
all WSMR laser activity was included in these calculations; again, however,
the proposed GBFEL-TIE would be much more powerful than these lasers.

Table IV-8

Probable Numbers of Wildlife Receiving Hazardous
Radiation Per Year from WSMR Laser Activity

Probable Number Receiving Estimated 1980
Species Hazardous Radiation WSMR Population

Antelope 0.004 400
Bighorn sheep 0.0 30
Bobcat 0.582 200
Coyote 1.323 500
Deer Negligible 3,500
Dove 0.653 2,000
Feral Horse 0.004 150
Gemsbok 0.008 300
Golden Eagle 0.015 35
Hawk (all species) 0.101 200
Mountain Lion Negligible 75
Quail (all species) 14.646 31,760
Turkey 0.0 75

Source: U.S. Army, 1980(57) and 1985(12)
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Accidental fires would have similar effects upon mammals as on birds.
Reductions in populations of small birds and small mammals would indirectly
adversely affect the larger carnivores by reducing their prey base.

6. Threatened and Endangered Species

Fed-rally listed threatened or endangered species would not be expected to be
impacted by the proposed project at the Orogrande site. The Sneed pincushion
cactus and Lloyd hedgehog cactus grow at high elevations within the Franklin
and Jarilla Mountains, respectively. No portion of the proposed project would
require construction of facilities in the higher elevations in these mountain
rangqs where these species normally grow. No Aplomado falcons are known to
occur in New Mexico and thus no impacts to this species would be expected.

The interior least tern requires beaches and sandbars for resting and feeding,
and thus would not be affected by construction or operation activities at any
of the proposed sites. Suitable habitat may occur along the Rio Grande;
consequently, interior least terns, if they are present, may be affected by
the 'onstruction associated with supplying surface water from the Rio Grande
alluvium.

Bald eagles are transient species which have been reported near to Lake
l.ucero. Consequently, it is possible that bald eagles could occur at a given
time over any of the three sites(62). Construction activities at any of the
sites should not adversely affect bald eagles; however, they may be affected
by power transmission lines, particularly if the conductor spacings are
inad.:quate, as discussed previously. The large size of the power lines that
would be required (i.e., 345 Kv) would require large spacings between the
conductors, and thus should not present a problem to eagles or other raptors.
Additional measures to reduce these potential effects are discussed in the
f.)llowing sections.

The whooping crane usually travels along a major drainage system (e.g., Rio
Grande) during its migration. Therefore, it is improbable that whooping
cranes would occur within or near any of the proposed project areas. This is
particularly true of the Orogrande site. However, whooping cranes often flock
with sandhill cranes, and sandhill cranes have been reported to fly over WSMR.
Whooping and sandhill cranes would be susceptible to
entanglement/electrocution by power lines constructed across the Rio Grande
Valley for the North of NASA and Stallion sites.

Falcon eyries have recently been discovered in the Oscura Mountains,
approximately 26 km east of the Stallion site. It is not known at present if
thee are peregrine or prairie falcon eyries(14). Elimination of portions of
the grasslands and the consequent reduction of prey items would adversely
affect either species of falcons. Potential feeding and nesting habitat of
the peregrine falcon occurs at both the Stallion and North of NASA sites.
Peregrine falcons have also been reported at Lake Holloman approximately 32 km
from the Orogrande site. Construction operations and increased activities
during the operational phase may disturb peregrine falcons, if they are
present, at any site, but should not adversely impact the species.

Three species protected by the State of New Mexico would probably be affected
if the Stallion site is selected: Swainson's hawk, Baird's sparrow and
McCown's longspur. The playas and grasslands at the Stallion site are
preferred habitat types of the latter two species. However, no specific
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survey for either species ha= been conducted. )wainson's hawk ha'; recently
been reported to nest near the Stallion site. Reduction in suitable habitat,
increased activities and additional povierlines !nay resu1 t in significant
adverse effects Lo this speries. Swainson's hawks have also been observed at
the other two sites, but no nests hayw, been r.ported from the Northi of NASA
site. During recent field reconnaissance, a raptor nest, believed tU be that
of a Swainson's hawk, was recorded near the southern end of the Oroqrande
site.

Construction and operation of the proposed project at the North of NASA siLe
may adversely affect the desert bighorn sheep which primarily inhabit the San
Andres NWR. These animals tend to avoid areas of human disturbance, and 1,ius,
the proposed project nay further limit their restricted range. Additiona1 v,
chronic, low level stress caused by construction, operation and maintenance
activities, particularly during daytime hours, may cause physiological da"!F..'es
to the sheep(53).

The Trans-pecos rat snake and gray vireo are two other state endangered
species which probably inhabit the extreme eastern portion of the North of
NASA site. Construction activities could destroy some individual rat snakes,
especially since this species is nocturnal and would he underground at the
time construction activities would probably be conducted(63,64). Gray vireoi
would avoid the immediate construction areas, and thus would not be
significantly affected directly by these activities; however, loss of habitat
would result in reduced local populations of the gray vireo.

Potential habitat for the Organ Mountains chipmunk may occur in the San Andr-s
Mountains near the North of NASA site, although no specific survey has been
conducted. Still, no significant impacts to this species, if it occurs, would
be expected since construction and operation of the laser facility would be
limited to those areas which are not expected to support suitable habitat for
the chipmunk.

There is little or no probability that any species contained on the New Mexico
endangered species list would be affected by the proposed project if the
Orogrande site would be utilized, with the possible exception of Swainson's
hawk. Swainson's hawks have been reported near the Orogrande site and would
avoid the immediate construction area.

7. Other Unique and/or Environmentally
Sensitive Resources

The primary impacts to unique or sensitive resources as a result of the
proposed GBFEL-TIE project would include potential effects to the seeps and
springs at the North of NASA site and the elimination of some grasslands at
the Stallion site. Development of well fields in the Jornada del Muerto Basin
or in the Rio Grande Alluvium would not be expected to significantly affect
seeps and springs in the San Andres Mountains. However, fences may preclude
the use of some of these resources by wildlife, particularly large mammals.
These seeps and springs provide valuable habitat for a variety of wildlife
species, as discussed previously in Section III. As mentioned previously, the
New Well site at the North of NASA would be displaced. This valuable water
source would have to be replaced by water catchments outside of the GBFEL-TIE
area.
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Elimination of grasslands at the Stallion site and the use of fences, which
would further decrease the amount of grasslands available, may hav?
significant adverse effects upon the local populations of pronghorn. Current
herd population for pronghorn is approximately 400 head, with a buck/doe/fawn
ratio of 56/1)0/47. Pronghorn antelope production varies with season.
Populations are heavily influenced by dry seasons which result in low forage
values and a decreased fawn sjrvival rate. Any elimination of available
habitat would impact the herd, and when combined with noise and occupational
impact, could potentially impact this herd beyond recovery(72).

A portion of the fence around the North of NASA site would be close to the San
Andres NWR's western boundary. Actual surveys of the proposed project
boundary have not been condocted; however, it should be stressed that no
fences would be constructed on or across the refuqe. In addition, no
utilities (e.g., road, powerlines, etc.) would be constructed on the San
Andres and Bosq-le del Apache NWRs, White Sands National Monument or other such
lands. Consequently, these environmentally sensitive areas would not be
directly affected by the construction activities, except for potential
increases in noise levels, as discussed previously. Operation of the
GBFEL-TIE would also not be expected to cause any significant adverse effects
to these areas.

G. Cultural Resources

The Stallion and North of NASA sites were surveyed for archeological resources
using a 14 percent sample. The Orogrande area was intensively surveyed during
the Borderstar 1985 Environmental Assessment. Projections based on sample
survey data indicate the probable magnitude of potential adverse impacts at
the three alternative sites as a result of the proposed construction and
operation of the GBFEL-TIE. These projections were developed using a
predictive model based upon results from the present and previous studies.
This section is a synopsis of results which are contained in Appendix B of the
DEIS.

The predictive model results can be summarized as follows:

1. The Orogrande and Stallion alternatives are roughly
equal in terms of relative densities of various
kinds of cultural remains. Orogrande is
characterized by greater numbers of small lithic
and/or ceramic sites, greater ceramics diversity,
and possibly by more abundant fireusing features.
The greater diversity of ceramics may indicate the
presence of hidden residential features.

?. The North of NASA alternative represents an
entirely different situation, with site densities,
sizes and complexity which overshadow those of the
other alternatives. Much of the area appears to
represent the cumulative record of extensive,
recurrent occupation oF the alluvial fan area.
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3. In all three areas, areas of increased slope (the
alluvial fans) are characterized by increased site
area, artifact density and diversity. Archaic and
Multicomponent sites especially increase in number
and extent on the fans. In the North of NASA area,
the Middle fan zone is gEnerally the most complex
of the three zones defined, with densities dropping
off somewhat on the Upper fan (Archaic site area,
however, increases on the Upper fan).

Figures IV-4 and IV-5 and Table IV-9 summarize the predictive results by
comparinq the three sites without reference to the environmental strata. It
is clear that the North of NASA area differs markedly from the Stallion and
Orogrande alternatives.

The total site area recorded at the Orogrande site durinq the Border Star
survey may underestimate the true site area by ?0-50 percent, due to the
surveyors' inability to record small sites located entirely between the
transects. Howevor, all major sites have been identified and tabulated.

Table IV-9 presents projected cultural remains which would be impacted by each
altPrnative, assuming 10 km2 of construction activities. This 10 km2
includes the area occupied by the facility and its ancillary support
(buildings, parking lots, etc.). In addition to total sites and site area,
total site area statistics for sites of low-moderate or higher artifact
density (>=0.2/m2, <1.0/m2 or 1 artifact per 5 m2) and for high density
sites (>=1/m2) are presented to provide a framework for assessing the
potential data recovery efforts required. Similar site area figures are
provided for sites with Lithic diversities that have at least six types
present and for ceramic diversities that have at least three types
represented.

The data in Table IV-9 indicate that the North of NASA alternative represents
the greatest potential impact and a massive mitigation effort -- over
3,000,000 square meters of site area, including over 1,000,000 square meters
of high-density site area and 2,000,000 squarp meters of high-diversity site
area.

The Stallion and Orogrande alternatives would be roughly equal in terms of
potential impact. The Orogrande area has less high-diversity site area but
more sites and more high-density site area, and may have more fire-using
features. The Stallion alternative, on the other hand, appears to have fewer
sites but contains a higher incidence of Archaic and Multicomponent site
areas.

The higher numbers of sites in the Orogrande area may indicate that cultural
resources are scattered in more, perhaps smaller, packages.

Utility rights-of-way and roads represent additional potential impacts to
cultural resources, which must be considered further prior to selection of
exact rights-of-way. A separate environmental analysis would be required to
a-sess potential impacts from their construction and maintenance since the
,2irrent investigations did not include utility rights-of-way. Areas expected
to be impacted by these facilities are presented in Table IV-10.
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Table IV-9

Projected Impacts of a Hypothetical 10 sq km
Facility on the Three Alternatives

Total Site Area (m2) Site Area (m2 )
Total Site Area Artifact Density* Artifact Diversity**

Area Sites (m2) >=0.2<1.0 >=1.0 Lithic>=6 Ceramic>=3

Stallion 37 219,390 12,060 0 20,640 12,307

North of NASA 64 3,042,420 1,480 1,081,600 2,987,818 2,438,490

Orogrande 132 214,450 67,400 5,090 49,117 1,590

*Artifact Density - site area in 10 km block projected to contain >=0.2 and
less than 1.0 artifacts/m2. Density of remaining site area has an artifact
density of <0.2/m2.

**Artifact Diversity - site area in 10 km block projected to contain sites
with >=6 types of lithics or >=3 types of ceramics

Table IV-10

Utility Cultural Impact*

Stallion North of NASA Orogrande
ROW Length Area Length Area Length Area
(m) (km) (acre) (km) (acre) (km) (acre)

Power transmission 30 50 370 25 190 16 120

Water 8 44 87 23 45 32 64

Road 25 3 19 38 230 2 12

Railroad 30 43 320 36 270 14 100

Total Area Impacted 800 740 300

Hypothetical Percent
Area Affected 0.0216 0.2219 0.0214

Hypothetical Impact
Area (acres) 17 160 6

*Right-of-way (ROW) = width of right-of-way

Length = minimum length of utility right-of-way from source to facility
Area = minimum area or utility right-of-way assuming length and width
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H. Socioeconomic Resources

The socioeconomic impacts of large scale projects are generally associated
with the number of workers who come into an area in response to recently
available jobs and where those workers choose to live. The local/non-local
mix can be highly variable and difficult to predict. It depends on the size
and skill level of the local labor pool, competition for workers from other
area construction projects, the existence of "locals-first" hiring practices
and efforts to promote long distance commuting.

Incoming workers will settle where housing and other amenities are available.
Two general assumptions underlie estimates of where those workers will settle.
The first assumption is that the population of a place is a surrogate measure
of the availability of housing/amenities and thus communities will attract
incoming workers in proportion to their population. The second assumption is
that the farther a community is from the work site the less attractive it will
be as a place to settle.

Factors specific to each project can greatly affect the actual settlement
pattern of incoming workers. -Among these are such actions as the provision of
temporary dormitory housing for workers at the construction site, encouraging
long distance commuting by using van pools and labor buses, the provision of
special temporary housing by individual communities, or other inducements by
local communities.

It should also be noted, as the preceding paragraphs indicate, that given the
uncertainties that surround the determining factors, it is impossible to
precisely predict the number of people whb will be attracted into the area by
GBFEL-TIE and just where these people will settle.

However, the procedures followed, the models with their attendant assumptions,
the specific multipliers and parameters chosen, reflect widely used and
generally accepted approaches. The estimates generated, while not exact,
allow for a comparison of the relative socioeconomic effects associated with
each site considered. Based on the information available, these projections
are the most reasonable estimate of expected impacts.

GBFEL-TIE related employment estimates and schedules for construction and
operation are based on figures provided to Geo-Marine, Inc. by USASDC, Fort
Worth District Corps of Engineers and WSMR. The GBFEL-TIE related employment
estimates and construction schedule were presented previously in Table I-1.

These estimates, along with employment data obtained from WSMR, U.S. Census
and local public sources, were used to estimate the number of workers that
would be expected to move into the study area in response to the
implementation of GBFEL-TIE.

A "gravity model" was used to estimate where the incoming population would
settle. The calculations and assumptions made for the population impact and
gravity models are contained in Appendix D. Key assumptions made for these
models were: (1) construction personnel would generally drive at least 160 km
(100 miles) to a work site; and (2) residence distribution for the
operation/supervisory personnel would be similar to that of current WSMR
civilian personnel. In-migrating population distribution factors produced by
the gravity model are presented by county in Table IV-11.

IV-26



Table IV-1I

Distribution Factors for Construction, Operation
and Secondarya Workers and Attendant Dependents

Site
Orogrande North of NASA Stallion

Construction Construction Construction
County & Secondary Operations & Secondary Operations & Secondary Operations

Bernalillo * * * * .654 .307
Dona Ana .190 .234 .433 .831 * *
Lincoln .007 .002 * * .045 .045
Otero .105 .175 .037 .009 * *
Sierra * * .006 .001 .020 .013
Socorro * * * * .166 .536
Torrance * * * * .014 .008
Valencia * * * * .101 .091
El Paso .698 .588 .524 .157 * *

1.000 0.999** 1.000 0.998 1.000 1.000

*indicates not applicable
**may not total 1.000 due to rounding

aThose workers necessary to fill the employment created by the primary jobs for sales
and services.

1. Projected Impacts of Increased Population

a. Introduction

Based on estimates of currently available construction workers, it is
projected that sufficient construction labor would be available locally in the
study area to accommodate 60 percent of blue collar construction labor force
needs in the early years of the project. However, to fully meet project
requirements, the remaining 40 percent of the blue collar construction workers
are projected to be non-local. In peak years, during Phase II, it is
projected that 50 percent of the blue collar work force would be non-local.
The greatest impacts would be in the area of skilled, electrical, mechanical
and general construction workers. As indicated earlier, local labor would be
projected to satisfy only an estimated 20 percent of the demand for
scientific/technical/supervisory construction and operation personnel.

b. Stallion Site

Table IV-12 provides a yearly estimate range of in-migration by construction,
secondary and operation workers and attendant dependents for each site. As
can be seen from Table IV-12, the expectation, based on the assumptions of the
model, is that incoming workers would settle in six of the nine study area
counties if the Stallion site is chosen. The construction would draw
approximately 3,300 to 4,100 new persons into the area at its peak. The bulk
of these, about 2,000, are predicted to settle around Albuquerque,
approximately 100 miles from the site. Over 25 percent (900 to 1,100) are
predicted to settle in the Socorro area. About 300 to 400 would be predicted
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Table IV-12

Estimated Distribution of GBFEL-TIE
Related In-migrating Population

Year

County 1987 1988 1989 1990 1991 1992 1993

OROGRANDE

Dona Ana 40- 61 296- 355 295- 396 235- 313 554- 705 666- 832 568- 709
Lincoln 0- 1 9- 11 8- 10 5- 6 16- 20 19- 23 15- 19
Otero 25- 39 174- 212 184- 250 156- 209 337- 431 410- 512 355- 444
El Paso 131 - 194 1027-1210 962- 1269 711- 935 1850- 2345 2201- 2751 1839- 2299

Total* 200- 300 1510-1790 1450-1920 1110- 1460 2760-3500 3300- 4120 2780-3470

NORTH OF NASA

Dona Ana 108 - 174 743 - 910 809- 1106 706- 950 1467- 1880 1790- 2237 1566- 1957
Otero 6- 8 49- 57 41- 52 25- 32 83- 104 96- 121 77- 97
Sierra 1- 1 8- 9 6- 8 4 - 5 13- 16 15 - 19 12 - 15
El Paso 82 - 113 706 - 811 592 - 758 372 - 476 1194- 1501 1393- 1741 1122- 1402

Total* 200- 300 1510-1790 1450-1920 1110-1460 2760- 3500 3300-4120 2780-3470

STALLION

Bernalillo 109 - 154 907- 1050 790- 1022 528 - 682 1566- 1975 1840- 2299 1501 - 1876
Lincoln 9- 13 68- 80 65- 87 50- 66 124- 158 148- 185 125 - 156
Sierra 4- 5 29- 33 26- 34 18- 24 50- 64 60- 74 49- 61
Socorro 54 - 91 334 - 423 409- 572 393- 536 710- 918 883- 1104 797 - 997
Torrance 2- 3 20- 23 18- 23 12- 16 35- 44 41- 51 33- 42
Valencia 19- 29 150- 177 142- 188 106- 140 212 - 345 324- 405 271 - 339

Total* 200- 300 1510-1790 1450-1920 1110-1460 2760-3500 3300-4120 2780-3470

*Rounded to nearest ten
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to settle in the Belen area in Valencia County, while Lincoln County might
acquire between 150 and 115 new persons. Smaller numbers of persons could be
expected to settle in Sierra and Torrance counties as indicated. Alamogordo,
Las Cruces and El Paso would not be likely to have workers and their families
settle there if the Stallion site is chosen.

Of the above numbers, incoming operations workers are predicted to desire to
live closer to the site, with approximately 30 percent predicted to live in
Albuquerque, almost 50 percent in Socorro and 10 percent in Valencia.

c. North of NASA Site

In contrast to the Stallion site, if the North of NASA site is chosen, most of
the incoming population is predicted to be more or less evenly divided between
Las Cruces and El Paso. Alamogordo might acquire 100 or more new people
during construction, with perhaps 10 during operations.

d. Orogrande Site

If the Orogrande site is chosen, about 66 percent of the population is
predicted to gravitate toward El Paso. Las Cruces would also receive a
substantial percentage (20 percent), while the Alamogordo area would receive
about 12 percent of the expected incoming workers. Lincoln County might
receive a few incoming workers.

2. Housing

For purposes of assessing the need for housing, it was assumed that each
incoming worker accompanied by his dependents would require a single dwelling
unit. Single workers were assumed to require one dwelling unit for each two
workers. As can be seen from Table IV-13, available housing stocks are
adequate to meet the projected demand at both the Orogrande and North of NASA
sites. If the North of NASA site is chosen, the impact on the Las Cruces area
housing market would be severe but within the bounds of available stocks. For
the Stallion site scenario, there could be a projected major housing deficit
in the Socorro area of about 270 units during the peak year. This prediction
assumes no additional housing becomes available by that time; it is possible
that additional housing would in fact be available by 1992. Deficits would
also be expected in the Valencia area, although the projected deficits would
not be large. Table IV-14 shows the range of housing unit demand allocated by
county for each project year.

3. Transportation Systems and Services

The location of the proposed action in the study area would not produce
significant or lasting impacts on available transportation facilities and
services. Existing facilities are flexible and could expand to meet
short-term demands.

If the proposed action is placed at the Stallion site, the highway system
would see the greatest impacts, due to daily worker travel to the site during
work hours. Additional truck and service vehicle traffic would be noticeably
increased. Rail, bus, and freight services could be readily expanded to
accommodate demands of the project. Air passenger and freight services could
be provided from the Albuquerque Airport. No additional significant
transportation impacts would be expected.
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Table IV-13

Estimated Maximum Dwelling Units Required
in FY1992 (Peak Year)

Approximate
Units Units Required

County Available Orogrande North of NASA Stallion

Bernalillo 3,150 - - 580
Dona Ana 1,300 330 1100 -
Lincoln unknown 5 - 70
Otero 900 240 20 -
Sierra 700 - 3 20
Socorro 400 (appr.) - - 670
Torrance unknown - 10
Valencia unknown - - 140
El Paso 6,500 920 370 -

1,500 1,500 1,500

Source: U.S. Census of Population and Housing, 1980; Reevaluation of
Socorro's Socioeconomic Resources, the Socorro Economic Development
Commission, Socorro, New Mexico, October 1986

If the proposed action is placed at the North of NASA site, the greatest
impact would be due to access roads and highways. Because of its remote
location, improved facilities would have to be constructed to the site to
accommodate construction and worker access and travel.

If the Orogrande site is selected, available transportation facilities and
services would be adequate to accommodate project demands. Required services
would be readily available from the Alamogordo, Las Cruces and El Paso urban
areas. Access facilities exist to accommodate increased demand resulting from
the proposed action.

4. Labor Force and Employment

The proposed action would provide sustained, long-term construction employment
(i.e., 2+ years) compared to other types of construction work that generally
last less than two years. The project would produce an economic ripple based
upon salaries paid and the total dollar amount of the local expenditures for
construction materials.

Employment levels in the construction industry would see definite increases.
The proposed action is considered a fairly long-term construction project and
for skilled workers, sustained employment could be expected during
construction phases.

Labor force and employment increases would be positive during construction.
However, increased unemployment would occur when the project is fully
completed. This withdrawal could create site-related negative impacts on some
of the communities, due to a loss of income and perhaps a loss of population.
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Table IV-14

Estimated Distribution of GBFEL-TIE
Related Housing Needs by Year and County

Year
County 1987 1988 1989 1990 1991 1992 1993

OROGRANDE

Dona Ana 14 - 21 106 - 126 107 - 143 78 - 104 196 - 248 240 - 334 197 - 268
?incoln 0 - 0 3 - 4 3 - 4 2 - 2 6 - 7 7 - 5 5 - 4
Utero 8 - 13 62 - 75 66 - 89 52 - 69 118 - 150 146 - 237 122 - 187
El Paso 46 - 67 370 - 434 355 - 465 239 - 314 660 - 835 805 - 920 646 - 753

Total* 70 - 100 540 - 640 530 - 700 370 - 490 980 -1240 1200 -1500 970 -1210

NORTH OF NASA

Dona Ana 37 - 58 263 - 319 288 - 390 233 - 313 511 - 653 634 -1102 535 - 866
Otero 2 - 3 18 - 21 16 - 20 9 - 11 30 - 38 36 - 24 28 - 21
Sierra 0 - 0 3 - 3 2 - 3 1 - 2 5 - 6 6 - 3 4 - 3
El Paso 29 - 40 257 - 295 225 - 288 128 - 164 433 - 545 522 - 367 403 - 322

Total* 70 - 100 540 - 640 530 - 700 370 - 490 980 -1240 1200 -1500 970 -1210

STALLION

Bernalillo 38 - 54 329 - 380 297 - 383 180 - 232 565 - 712 684 - 584 534 • 497
'incoln 3 - 5 24 - 29 24 - 32 17 - 22 44 - 56 54 - 67 '4 - 55
Sierra 1 - 2 10 - 12 10 - 12 6 - 8 18 - 23 22 - 22 17 - 18
Socorro 18 - 30 116 - 146 141 - 196 128 - 174 243 - 313 305 - 669 268 - 516
Torrance I - 1 7 - 8 7 - 9 4 - 5 12 - 16 15 - 14 12- 12
Valencia 7 - 10 54 - 63 52 - 69 36 - 47 97 - 122 118 - 140 95 - 114

Total* 70 - 100 540 - 640 530 - 700 370 - 490 980 -1240 1200 -1500 970 -1210

*Rounded to nearest ten
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If all the construction personnel were let go at the same time at Orogrande or
North of NASA, the effects might not be too noticeable overall, given the size
of the southern New Mexico - El Paso economy. Unemployment will increase
fractionally, housing occupancy rates may decline slightly, business resulting
from the project-generated payroll will decline. Some construction people
will move on to the next job in another area. Some who were in-migrants will
like the area and stay on. Much depends on the level of construction activity
at that time.

A more serious impact would occur in the smaller towns of Socorro and Valencia
counties if the Stallion site is chosen. At the close of construction, a
substantial number of persons would probably move on as the local labor market
would be unable to absorb them. Facilities built to accommodate new business
would become redundant. However, the operations personnel and spinoff jobs
generated would still be in the area providing continuing support to the local
economy.

5. Income Levels

It is estimated that the proposed action would produce about $50 million per
year (for the peak year) in wages for construction labor. Disposable personal
income would be distributed throughout the study area in proportion to the
settlement pattern of the worker populations. Annual payroll estimates for the
operations phase approach $20 million.

It is expected that, where possible, wages and benefits would parallel local
levels and that no great differentials in wages and incomes would be observed.
However, a tight labor market may result in an upward pressure on wage rates
during the early phases of the project. Total income produced as a result of
operation and maintenance would be less than that from construction activities
and would therefore have less effect on the local economy.

Incomes to support and service business would be increased through
construction phases. Personal and business income in the area would produce a
ripple through the local economy, due to secondary employment and spending
resulting from the project.

Generally positive impacts would be expected for income levels that would
result from the proposed project. General upward pressures on wage rates may
result in slightly increased costs for goods and services. This would
principally affect those persons on fixed incomes.

6. Public Services and Institutions

a. Religion

Area churches should have little difficulty meeting the spiritual needs of the
incoming workers and their families. Association with a particular
congregation is largely a matter of personal choice and of "feeling at home".
For this reason, and because of the likelihood that newcomer churchgoers would
be well distributed among existing churches, the probability of a disruptive
impact is quite low.
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b. Education

Based on the In-migrating population estimated previously, impacts on local
public educational systems are estimated at 1,500 new students in the peak
year FY92. Using a generally accepted pupil-teacher ratio of 22:1 and 30
students per classroom, this would translate into a projected demand for an
additional 68 teachers and 50 new classrooms throughout the study area if all
existing schools in the area were operating at capacity. The projected peak
year allocation of incoming students is shown in Table IV-15. This table also
shows the relative impact to the local school system expressed as a percentage
increase in annual enrollment resulting from the proposed GBFEI-T1E. Table
IV-16 shows the anticipated range of distribution of incoming school children
by project year.

Table IV-15

Estimated Numbers of GBFEL-TIE Related
Incoming School Children Allocated by County

Stallion North of NASA Orogrande
County 1992 1992 1992

(a)** (b) (a)** (b) (a)** (b)

Bernalillo 825 0.8 - -.

Dona Ana - - 850 3.2 310 1.2
Lincoln 70 2.3 - - 10 *
Otero - - 45 0.4 195 1.6
Sierra 25 1.9 5 * - -

Socorro 430 12.9 -
Torrance 20 1.1 - -

Valencia 150 1.8 - -.

El Paso - - 620 0.4 1005 0.8

Total 1515 1515 1515

a. Estimated number of incoming school children
b. Estimated percent increase in enrollment due to influx of (a)
• Less than 0.1%
- Not applicable
**Rounded to nearest 5
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Table IV-16

Estimated Distribution of GBFEL-TIE
Related School Children by Year and County

Year
County 1987 1988 1989 1990 1991 1992 1993

OROGRANDE

Dona Ana 15- 24 107- 129 107- 146 93- 125 204- 260 247- 309 214- 267
Lincoln 0- 0 3- 4 3- 3 2- 2 6- 7 7- 8 5- 7
Otero 9- 15 64- 78 68- 94 62- 84 126- 161 154- 193 131 - 170
El Paso 49- 74 368- 437 343- 457 278- 368 671- 853 304- 1005 682- 853

Total* 70- 110 540- 650 520- 700 440- 580 1010- 1280 1210- 1520 1040- 1300

NORTH OF NASA

Dona Ana 42- 68 273- 338 302- 418 284- 384 551- 708 678- 847 602- 753
Otero 2- 3 17- 20 14- 18 91- 12 29- 37 34- 43 28- 35
Sierra 0- 0 3- 3 2- 3 1- 2 5- 6 5- 7 4- 5
El Paso 30- 42 249- 287 203- 261 141- 181 422- 531 495- 618 403- 504

Total* 70- 110 540- 650 520- 700 440- 580 1010- 1280 1210- 1520 1040- 1300

STALLION

Bernalillo 40- 57 321- 374 274- 358 203- 263 559- 706 660- 825 546- 682
Lincoln 3- 5 24- 29 23- 32 20- 26 45- 58 55- 68 47- 58
Sierra 1- 2 10- 12 9- 12 7- 9 18- 23 22- 27 18- 23
Socorro 21- 37 125- 161 157- 222 160- 219 274- 355 343- 428 313- 392
Torrance 1- 1 7- 8 6- 8 5- 6 12- 16 15- 18 12- 15
Valencia 7- 11 54- 64 51- 68 42- 55 99- 126 119- 148 101- 126

Total* 70- 110 540- 650 520- 700 440- 580 1010- 1280 1210- 1520 1040- 1300

*Rounded to nearest ten
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(1) Stallion Site

Substantial actual increases would accrue principally to the Albuquerque area
school districts. Relative impacts would not be beyond the system's capacity
to tolerate. Socorro area schools would be faced with a considerable actual
impact from 300 to 400 students (and relative impact of 9 to 12 percent
increase in maximum enrollment) during the peak years. According to the
Superintendent of Socorro Public Schools, 500-600 students could be absorbed
with no problem. Also, Socorro is in the process of building another Junior
High School which will be in use in 1987.

(2) North of NASA Site

Substantial actual increases would be shared by Las Cruces and El Paso public
school districts. Relative impacts would constitute a three percent annual
increase in enrollment for the Las Cruces area school districts.

(3) Orogrande Site

Substantial actual increases would be shared by Las Cruces, Alamogordo and El
Paso districts. Expected relative impacts do not exceed 1.6 percent annual
increase for any school district.

c. Health Facilities

The incoming construction personnel would have a similar impact on area health
facilities. During peak construction phases, the estimated incoming
population would generate a demand for an additional six physicians and 16
hospital beds, if all existing health care facilities were at capacity.

Should the Stallion site be selected, the and Albuquerque area could supply
most major medical facilities and services required by the additional workers.
However, incoming personnel to the Socorro area may place additional demands
on the currently inadequate number of physicians.

If the North of NASA site is chosen, the resulting demand for health
facilities and services would be met principally by the Las Cruces and El Paso
urban areas. Existing facilities and services should absorb the additional
demand created by the incoming workers living in those areas. Incoming
personnel may place additional demands on the currently inadequate number of
physicians.

If the Orogrande site is selected, health and medical facilities and services
available in the Alamogordo, Las Cruces and El Paso urban areas should absorb
the additional demand created by the proposed project. Incoming personnel may
place additional demands on the currently inadequate number of physicians.

d. Fire and Police Protection

There would be general increases in law enforcement requirements due to the
increase in local trips plus home-based work trips, regardless of the site
chosen. Additional total traffic to and from the site, increased truck
traffic and possible additional accidents would result in an increased need
for traffic control. Increased fire protection requirements and other law
enforcement requirements would result from increased population. Based on
national standards for community services, it is estimated that a demand for

IV-35



an additional five police officers and four firemen would be generated by the
proposed project during the peak construction phase.

Selection of the Stallion site would place the greatest impacts upon Socorro
and Albuquerque. Although the greatest effects, in terms of numbers of
workers, are predicted to occur in Albuquerque, Socorro is predicted to
experience the greatest relative impacts and might require the addition of one
to two police officers.

If the North of NASA site was selected, the urban areas of Las Cruces and El
Paso would feel the demand for fire and police protection increases expected
to be associated with the additional worker population. The systems in each
community could collectively serve the additional population.

If the Orogrande site is selected, impacts upon fire and police protection

would be absorbed in the Alamogordo, Las Cruces and El Paso urban centers.

I. Water Supply

1. General

Due to climate and a complex structural geology, water, particularly potable
water, is a highly prized commodity. All existing surface water and much of
the ground water rights have been appropriated. Water from the Colorado River
basin is presently being diverted into the Rio Grande basin by the U.S. Bureau
of Reclamation's San Juan-Chama project(6). Although all of this diverted
water is currently contracted or committed to potential contractors within the
state, sufficient water for GBFEL-TIE is expected to be available for sale,
over the short term, since the present needs of many contractors are less than
the contract amounts. Any significant long term water use must consider these
facts and the structure of the water supply available.

Potential consequences resulting from each source of water supply for the
proposed GBFEL-TIE project are evaluated below for the three alternative site
locations. Treatment for excessive tds levels may be required at all sites to
provide drinking water, particularly if local aquifers are utilized. However,
treatment requirements would be minimal and would probably be accomplished by
commercially available activated charcoal filter units.

In a declared boundary underground reservoir, the New Mexico State Engineer
has the responsibility to oversee all water use permit applications. Before
granting a permit, he must establish that the proposed appropriation is not
contrary to conservation of water within the state and is not detrimental to
the public welfare. He must also insure that the rights of other
appropriations from the same basin are not impaired. By definition, he cannot
knowingly issue a water use permit that would violate this mandate. Since the
proposed GBFEL-TIE is a temporary experiment (through the 1990's), any
potential adverse effect on water supply may be construed as a short-term
consequence that would ultimately return to or near pre-project conditions, if
the State Engineer grants a ground water appropriation permit.

The GBFEL-TIE water requirement of 1,400 acre ft per year would impact the
reserves of any ground water reservoir, the depletion of which is a function
of the recharge rate and other user rates. It could impact other users and
other projects ranging from agricultural to scientific. Project water use
might impact local seeps and springs (e.g., North of NASA) by lowering the
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water table levels, however, development of well fields within the Jornada del
Muerto Basin would not be expected to affect seeps and springs in the San
Andres Mountains.

2. Stallion Site

a. Surface Water

San Juan-Chama water from Elephant Butte Reservoir could be piped about 80 km
northeast to the Stallion site. Approximately two-thirds of that distance,
however, would be outside WSMR proper, and thus would involve external
cooperation. For this option, an intake structure at Elephant Butte would
also be required. Elephant Butte water is potentially renewable from the
upper Rio Grande River system, and if all other contracted demands were met,
the consequence of water consumption with regard to other users for the
GBFEL-TIE project would be minimal. The 1,400 acre feet per year demand by
the GBFEL-TIE project to be pumped from Elephant Butte would be replaced (in
the Elephant Butte Reservoir) by diversion of an equal amount of water from
the Colorado River Basin, under authority of the San Juan-Chama project.

b. Ground Water

Two potential water sources under consideration at the Stallion site are
ground water from wells in the Rio Grande Valley and from the local Stallion
site. The former would require pipelines and pump stations. Treatment may be
required for either source to reduce the tds to within acceptable levels for
the GBFEL-TIE. Depletion of ground water near the Stallion site is occurring
gradually as a result of an annual usage rate of 25-30 acre feet per year by
the Stallion Range Camp. However, because of high salinity (about 3,000 ppm)
this water is not of sufficient quality without desalinization for human,
livestock or extensive agricultural use. Thus, the withdrawal of 1,400 acre
feet per year could adversely affect this aquifer and its users, although the
magnitude of the effects cannot be quantified at the present. As per New
Mexico law, the State Engineer would be petitioned to issue a permit after
determining the availability of unappropriated water.

3. North of NASA Site

a. Surface Water

Surface water from the Rio Grande valley could be piped northeastward to the
North of NASA site in a unique situation, as defined by the State Engineer. A
well would be sunk in the valley nearest the proposed project site, and this
water would be pumped the remaining 40-45 km to the site. Although
technically this water is ground water, it is replaced by water released into
the Rio Grande (surface water) and defined to be the same in terms of water
rights(6). There is a hydraulic connection between the Rio Grande and the
aquifer. When flowing, Rio Grande water permeates down to the aquifer where
it remains available even when the river flow is minimal. The well would be
required since the Rio Grande flow is undependable, and year-round
availability would be necessary for the proposed GBFEL-TIE. Under San
Juan-Chama authority (as in the Elephant Butte alternative for the Stallion
site), the project water requirements (1,400 acre ft/year) would be replaced
in the Rio Grande River by diversion from the Colorado River basin. Thus, the
impact of this water source on the local permanent water supply would be
negligible.
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b. Ground Water

Construction of two to six supply wells were proposed south of the Jornada
Reserve Headquarters area for the North of NASA site. Test wells would be
drilled to establish aquifer thicknesses, pump rates and water quality. At
the North of NASA site, little information is available on ground water
reserves. However, from NASA well production, there is reason to believe
sufficient reserves are available. The project demand would probably affect
at least a local lowering of the water table. As in all cases of ground water
usage, if the State Engineer considers that an applicant would permanently
impact the water supply, the other appropriators or the public welfare of the
State, the application would be denied.

4. Orogrande Site

a. Surface Water

No surface water is available that is considered practical for the Orogrande
site.

b. Ground Water

Two potential ground water sites and plans are considered for the Orogrande
site. A well field in Soledad watershed could be used to directly supply the
Orogrande site. This alternative would require State Engineer approval and
thus, if allowed, would be implied to have negligible impact on state water
supply. This is the most cost effective alternative water supply for the
Orogrande site.

Using the same well field but connecting with the existing water main from the
WSMR post headquarters is a second alternative at the Orogrande site, also
requiring the approval of the State Engineer. Approximately 8.7 million acre
feet are in storage in the Soledad Canyon watershed. About 2.3 million acre
feet are recoverable for use. The estimated annual recharge is about 750 acre
feet. The GBFEL-TIE project demands alone (1,400 acre feet annually) would
have a depletion impact. However, the 2.3 million acre feet under
present/predicted consumption rates would have a life expectancy of almost 900
years, and the aquifer would be expected to return to or near pre-project
conditions within 10 years after cessation of the GBFEL-TIE project. Local
ground water at the Orogrande site is another consideration. However,
available recent data is limited but it is estimated by the Corps of Engineers
that as many as 20 wells may be needed to provide the necessary project water
supply requirements.

J. Solid Waste

Construction wastes such as scrap lumber and concrete would be buried within a
landfill constructed on-site. The landfill would be situated within soil
associations that are suitable for such purposes. Location of the landfill
would require coordination with the WSMR ENRO and New Mexico Health and
Environment Department, Environmental Improvement Division. Use of this
landfill would be required to avoid significantly reducing the capacity of
WSMR's main landfill, which is presently expected to reach its capacity within
the next 50 years(65). No hazardous or toxic wastes (e.g., used oil filters)
would be placed in the landfill. The landfill would be closed out, covered
and reseeded upon completion of construction activities.

IV-38



Solid wastes generated during the operation and maintenance of the proposed
program would be collected, transported and disposed of by local, approved and
licensed contractor(s) in accordance with State of New Mexico regulations.

Burning of refuse would not be conducted during either the construction or

operational phases.

K. Other Wastes and Hazardous Materials

Table IV-18 presents a list of the wastes, and estimated quantities of each,
which would be produced by various components and subsystems of the proposed
GBFEL-TIE. As can be seen from this table, several of these compounds are
considered hazardous or toxic. These wastes would be collected and disposed
of by approved and licensed contractor(s) in accordance with State of New
Mexico and USEPA regulations. No hazardous wastes would be stored on-site for
longer than 90 days.

Argon is a normal component of atmospheric air. Running the accelerator will
activate some of the argon in the air around the accelerator and produce Argon
41. Since Argon 41 has a half life of over an hour, no one can enter the
accelerdtor room until the level of radioactive Argon 41 is decreased. To
allow personnel to reenter the accelerator facility shortly after a test
(approximately 45 minutes), the room air with the Argon 41 will be exhausted
to the atmosphere. To do this safely the Argon 41 must be diluted with other
air to keep the exposure level below the 20 millirem/hr or 200 millirem in any
one week maximum exposure as required by Federal regulations. This will be
accomplished by exhausting the Argon 41 from a stack high enough to allow
natural mixing to dilute the Argon 41 to the safe level mentioned above. A
fence would be placed around the stack to assure that personnel would be Kept
at a safe distance from any potentially hazardous emissions.

The use of benzene as an electron beam focuser in the accelerator may be
required instead of the helium/argon mixture. However, only two pounds of
benzene would be required for every 1,000 beam activations. Disposal of
benzene, if its use becomes necessary, would be according to applicable EPA
disposal requirements and practices(68).

Although significant energy is transferred to the photon beam, as much as 95
percent of the original energy would remain with the electron beam as it
enters the electron beam dump. Radioisotopes could be produced in the water
used for cooling the graphite and aluminum plates that absorb the electron
beam. This water would be filtered through an ion exchange system to remove
the radioisotopes. During periodic maintenance, the filters would be replaced
and stored in the beam dump vault, described below.

The beam dump would include a storage facility or vault to store hardware or
parts of the laser components (i.e., accelerator, wiggler) which have become
radioactive (at low levels) during the lasing experiments. The beam dump and
vault would be shielded from the other laser components by concrete and lead
walls. The beam dump and vault would also have limited access and a radiation
monitoring and protection system to obviate potential radiation hazards to
program personnel.

This area would remain as a long-term storage facility after completion of the
proposed experiments. All activated components would have only a small
portion of their mass radioactive and thus, the radioisotopes would be sealed
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within the materials' matrix. Consequently, the ion level of radioactivity
that would be expected to be produced would not require that the beam dump or
vault be cooled or hermetically sealed after cessation of the project.

L. Safety and Radiation Hazards

1. General

Safety procedures would be considered and adhered to for both the construction
phase and the operational (testing) phase of the GBFEL-TIE project. Minimum
standards for safety procedures would be regulated by Occupational Safety and
Health Administration (OSHA) Code of Federal Regulations (CFR), Title 29,
Chapter XVII, Parts 1910 and 1926. The GBFEL-TIE project safety standards in
accordance with regulations of the U.S. Army and the American Conference of
Governmental Industrial Hygienists (ACGIH).

During the operational phase three types of safety procedures would be
considered: (1) internal safety procedures, i.e., within the laser
installation; (2) automatic laser safety procedures; and (3) external safety
procedures, i.e., outside the laser containment area including air space.

2. Internal Safety Procedures

Internal safety procedures are applicable to the laser containment
installation, i.e., linear accelerator, wiggler, electron beam dump and
diffraction tunnel.

There would be two sources of radiation produced. When the accelerator is
running, prompt radiation would be produced by the electrons which collide
with an object and are slowed down. This type of radiation consists of the
entire electromagnetic spectrum up to the wavelength associated with the
maximum energy of the accelerator, which for this case would be in the short
or hard gamma ray wavelength. The most common wavelength generated would be
in the gamma ray region. Some of this radiation would be generated in the
accelerator central beam tube, the wiggler central beam tube and the transport
tube connecting the accelerator components. Most of the radiation would be
generated in the beam dump. Those components that could produce radioactivity
or which could become radioactive would be contained in shielded (i.e., iron,
concrete, and/or lead) underground vaults to prevent emissions of ionizing
radiation to the outside environment.

The prompt radiation could also induce radioactivity in materials close to the
source of its production. Gamma rays produced could liberate neutrons from
materials and produce radioisotopes. The lifetime of these isotopes would
vary from a few seconds to many years, depending on which isotope is produced,
but all would be at low levels of radioactivity. The materials which have the
greatest chance of being activated are carbon, iron and aluminum. As
discussed previously, hardware or materials that become radioactive would be
stored in the beam dump vault.

3. Automatic Laser Safety Procedures

Light from the laser could be reflected or scattered in two ways: (1) diffuse
scattering from small particles such as dust, clouds and rain; or (2) specular
scattering from mirror-like surfaces such as a piece of polished metal or some
insects. An object detection system would be incorporated to identify
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objects or particles that have the potential to cause diffuse or specular
reflection before they enter the laser beam. Two types of detection schemes
will be available: (1) a radar located at the FEL site to detect larger
objects (objects 1.0 centimeter in diameter) and (2) a laser located at the
site to detect smaller objects.

The radar system would be operated before and during each FEL test firing.
Upon detection of an object, this system would automatically abort or preclude
operation of the FEL beam. There is no current expectation that a detection
system more sensitive than this radar will be necessary for safe operation.
However, if a requirement to detect smaller objects becomes necessary, a low
power, long wavelength laser can be incorporated at the site. The beam from
this laser would travel the same path as the FEL beam but would be larger in
diameter. As objects enter the beam, light is reflected back and an automatic
shut-off system can be triggered within less than a microsecond.

4. External Safety Procedures

All keep-out zones (i.e., security and/or safety) would be fenced and would be
routinely guarded and checked during operation of any subsystem which could
produce injuries. Keep-out zones would be large enough to guarantee no human
injury from radiation, accidental gas emissions, diffuse photon scatter, or
potential electrical hazards (Figure IV-6). All chemical (e.g., POL, diesel
fuel, etc.) and supply storage locations and evaporation ponds would be within
the main fences along the perimeter of the site.

The beam energies would be captured or absorbed by the ground target
structures and converted to heat during ground target testing. The target
containment building would be designed to capture enough of the direct
specular reflection from the target frame so that an observer beyond the eye
safety distance would receive less than the prescribed safe level of
exposure(2).

For airborne targets, the FEL would begin to fire only when the test target is
above an angle of 45 degrees to the local horizon during air target tests(2).
Sufficient air space would be restricted to allow the laser beam to exit the
airspace above 60,000 feet MSL (Figure TV-7).

The eye safe limit for diffuse scattering could be met by a keep-out radius of
approximately 1.0 km centered on the beam directors and any ground based
targets.

The eye safe distance from small (i.e., 1.0 cm in diameter) specular
reflectors is one km. There would be no safe keep-out distance for a larger
specular reflection; the system must be designed to operate in concert with a
tight air space control system which would cause termination of atmospheric
propagation if a large object enters the vicinity of the beam.

Careful analysis indicates that persons exposed to scattered laser energy
outside the one km saefty zone would not be injured. In addition, the
probability that an individual looking at the scatterer would receive laser
energy would be less than 5 x 10-7. The methodology used in these analyses
as well as the assumptions made in the calculations are described in Appendix
E.
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In order to keep fixed and rotary wing aircraft out of the danger zones during
test firing of the FEL, WSMR Regulation No. 70-3 would be enacted(69), which
establishes procedures by which all tests are scheduled, executed and
controlled. Air restrictions could affect other existing and/or proposed
programs at WSMR.

5. Optical Interference

The lighting for the GBFEL-TIE facility does not appear to present a threat to
optical astronomy at any of the proposed sites. Analysis of scattered light
for observers situated at the present observatory at Sacramento Peak, and at
proposed observatory sites at South Baldy and Capilla Peak, indicate that the
luminance of scattered light would not be more than 3.07 x 10-7 Candela/m2
at the zenith, and is usually much less. This compares with a natural sky
zenith luminance of 2 x 10-4 Candela/m2. Estimations for the light levels
of local towns shows that their light, rather than the GBFEL, would be the
dominant artificial light source in the area.

M. Radio Frequency Interference

Specialized scientific equipment at WSMR facilities, such as the NASA
Telemetry and Data Relay Satellite System (TDRSS), other projects such as
those by the Office of Test Directorate (OTD), and off-range facilities such
as the Very Large Array (VLA) radio telescope are sensitive to radio frequency
interference; however, USASDC's study of the RFI potential indicates that the
design and shielding of the GBFEL equipment will be sufficient to prevent
disruption of or interference to the radio sensitive electronics near any of
the proposed GBFEL-TIE sites.

The safety requirement for operating personnel is 100 watts per square meter
of radio frequency energy. While there is no current evidence that the
GBFEL-TIE would produce this much RFI, shielding would be included in the
design to limit the RF field to this level within the buildings containing any
possible RF sources. Path losses, blockage by mountains, and shielded rooms
and buildings would significantly attenuate any RF energy so that it does not
interfere with sensitive equipment in the area.

The laser beam itself would not produce interfering levels of radio frequency
energy. There are a very limited number of ways in which a one micron laser
beam can produce RF energy in its propagation through atmosphere. If the
laser beam is very intense, it would cause the air to break down and produce a
plasma. Once this plasma is created, the laser would no longer be able to
propagate through the atmosphere. The laser beam associated with the
GBFEL-TIE is specifically designed to minimize the possibility of such an
atmospheric breakdown. The size of the beam is scaled up so that the power
density of the beam is much too low to disassociate the atmosphere.

The only observed radiation from the atmospheric propagation of a laser beam
has been an afterglow that may accompany an intense pulsed beam. The effect
may be caused by several phenomena, but is primarily due to the decay of
excited molecular states of water and oxygen in the air by the beam's electric
field. This afterglow contains extremely low energy which is in very narrow
optical frequency bands. There is no evidence to indicate that this radiation
would interfere with any neighboring instrumentation.
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Experience with other accelerators indicates that there should be little
problem with RFI. The Stanford Linear Accelerator could not be detected
during operation by a very sensitive radio telescope with a 90 ft. diameter
parabolic antenna located one km from the accelerator. An accelerator at Los
Alamos National Laboratory was tested using equipment capable of detecting
signals of a few femtowatts (10-15 watt) per square meter and no RFI was
measured within a kilometer of the accelerator.

An analysis of the potential GBFEL-TIE interference was performed assuming the
RF energy level within the facility was 100 watts per square meter (the safety
limit for operating personnel). It was also assumed that shielding of 120
decibels (db) could be realized with the combinations of a shielded room (80
db) and a grounded building (40 db). This analysis addressed interference
levels at cities surrounding the candidate GBFEL-TIE sites as well as several
technical facilities in the area. Details of this RFI study are presented in
Appendix H.

An assessment of the interference with surrounding cities from the proposed
GBFEL-TIE candidate sites is given in Table IV-18. A sensitive receiver in
this range can detect signals at -110 dBw per square meter. As Illustrated,
the most stressing case (Orogrande site to the Village of Orogrande at 1 MHz
frequency range) is less than -175 dBw per square meter or 65 dBw per square
meter below the receiver threshold (assuming a 20 dBw per square meter or 100
watts per square meter RF energy level within the facility).

Table IV-19 illustrates the attenuation of RFI noise at 50 MHz from each
candidate site to the VLA radio telescope. Again, it was assumed that a 100
watt per square meter or 20 dBw per square meter RF energy level was within
shielded buildings. The VLA is sensitive to energy levels as low as -188 dBw
per square meter. As illustrated, the most stressing site is at Stallion and
the energy level is only -280 dBw per square meter, or approximately 90 dBw
below the interference threshold of the radio telescope.

The aialysis also addressed the NASA TDRSS facility. Path loss from the
closest prospective site (North of NASA) to the NASA facility exceeds 100 db.
In addition, shielding can be designed to provide up to 120 db of attenuation
in the 2 to 20 GHz frequency range (80 db shielded room and 40 db from a
grounded building). The safety requirements coupled with the shielding and
path losses reduce the potential RFI from the GBFEL-TIE to well below the
sensitivity of the TDRSS ground station or satellites.

N. Energy Conservation Potential

The GBFEL-TIE would utilize energy conservation measures to the maximum extent
practicable, in order to conserve national petroleum reserves and reduce
operational costs. Such measures would include use of open air heat
exchangers instead of the evaporative towers during the cooler months;
adequate insulation to reduce space heating requirements; and proper design,
construction and operation of equipment and facilities to insure that fuel
consumption is as efficient as it can be. In addition, employees would be
encouraged to implement strategies to conserve energy such as turning off
lights when not in use, wearing adequate clothing in winter months and car
pooling to and from work.
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Table IV-18

Estimated Radio Frequency Attenuation from Site to City*
(dBw)

NORTH OF NASA TO LAS CRUCES

Attenuation Due To: 1 MHz 100 MHz 1000 MHz

Shielding 120 120 120
Free Space Losses 90 90 90
Diffraction Losses 0 5 25

Total 210 215 235

STALLION TO SOCORRO

Attenuation Due To: 1 MHz 100 MHz 1000 MHz

Shielding 120 120 120
Free Space Losses 90 90 90
Diffraction Losses 0 0 15

Total 210 210 225

OROGRANDE TO OROGRANDE

Attenuation Due To: 1 MHz 10O MHz 1000 MHz

Shielding 120 120 120
Free Space Losses 75 75 75
Diffraction Losses 0 0 0

Total 195 195 195

OROGRANDE TO ALAMOGORDO

Attenuation Due To: I MHz 100 MHz 1000 MHz

Shielding 120 120 120
Free Space Losses 95 95 95
Diffraction Losses 0 10 40

Total 215 225 255

*Rounded values (see Appendix H for calculation)
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Table IV-19

Estimated Attenuation of 50 MHz Noise*
(dBw)

VLA at 50 MHz

Loss Stallion North of NASA Orogrande

Shielded Room 120 120 120

Obstacles 20 20 20

Spherical Earth 20 40 60

Free Space 110 120 120

Side Lobes 30 30 30

TOTALS 300 330 350

*Rounded values (see Appendix H for calculation)

0. Airspace Impacts

Any requirement to further restrict airspace in the regions adjacent to the
GBFEL-TIE site will be accommodated on an as-needed call-up basis similar to
that currently applied to airspace around WSMR itself. This airspace would be
restricted to general and commercial aviation only during such times that
aerial or space-borne targets are used.

P. Cumulative Effects

As mentioned previously, the U.S. Air Force has prepared a Legislative EIS
concerning the potential location of the SICBM program at WSMR. This project
is still in the preliminary stages of planning and design and thus, the
potential cumulative effects of the SICBM and GBFEL-TIE programs cannot be
accurately assessed at present. Beneficial and/or adverse socioeconomic
effects could be influenced by the SICBM, depending upon its timing and
construction/operation needs.

Construction and operation of the proposed GBFEL-TIE at the Stallion site
would further reduce valuable and productive grasslands which, in turn, could
significantly reduce WSMR's pronghorn population. Displacement of the
programs presently utilizing the Stallion area could result in additional
habitat losses. The type and magnitude of these losses would depend upon the
new location of the programs. The WIT areas, in particular, could require
extensive land clearing on other, relatively undisturbed, areas.

Power transmission lines constructed across the river valley to serve the
Stallion site may result in the loss of whooping cranes during the migration
season. In light of their present endangered status, individual losses to
whooping cranes would be considered significant.
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Siting the proposed GBFEL-TIE at North of NASA may result in significant
adverse effects to the desert bighorn sheep. Because of their limited numbers
and the current environmental stresses they are experiencing, the loss of an
individual sheep could result in the potential loss of the entire herd.

Construction of a powerline across the Rio Grande valley to serve the North of
NASA site would have similar effects on whooping cranes as that described
above for the Stallion site.

Construction and operation of the proposed GBFEL-TIE at the Orogrande should
not add significantly to the cumulative environmental effects of WSMR
programs. This area has been used for previous programs and is situated
within a habitat type that is presently predominant of Ft. Bliss and the
southern half of WSMR.

Displacement of the Border Star Joint Field Training Exercises would not
present significant environmental effects, since it is presently anticipated
that these exercises could still utilize Ft. Bliss which is commonly and
heavily used for such programs. In addition, the Border Star exercises are
periodic.
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V. MITIGATION MEASURES

This section describes those measures which would be implemented at any of the
alternative sites to ameliorate potential adverse consequences that would
result from the proposed GBFEL-TIE program. These measures are described, by
resource, in the following paragraphs.

A. General

Any major modifications to the proposed project will require prior approval
from the Commander, WSMR, and may require an amendment or supplement to this
EIS. Power generation, storage, and transmission for the high power phase
will be addressed by a separate environmental analysis. Existing disturbed
areas will be used to the extent possible to obviate additional construction
activities (e.g., clearing and grading).

Any mishaps such as fires and spills will be immediately reported to the
Commander, WSMR. A post-accident report which describes measures taken to
ameliorate the impacts, as well as those measures implemented to minimize the
potential of a similar accident recurring, will be prepared by the GBFEL-TIE
program manager for submission to the Commander, WSMR.

B. Soils and Geology

Disturbance of topsoils will be kept to a minimum. Cleared areas will be
protected from erosion during construction. Any area subject 'u wind erosion
will be seeded or otherwise stabilized upon completion of construction
activities. Reseeding will be coordinated through the WSMR Environmental and
Natural Resources Office (ENRO) to assure that proper species and timing are
utilized. Soil borings will be conducted at the selected site to determine
the suitability of ancillary structures such as temporary landfills and sewage
lagoons. Special construction and engineering techniques (e.g., liners) will
be implemented to mitigate any unsuitability.

Borrow pits and/or spoil sites may be required by project design and
construction. If required, the use of borrow pits ard/or spoil sites will be
held to the minimum necessary to accomplish the project. Upon completion of
construction, these borrow pits and/or spoil sites will be properly restored
by grading and drainage to prevent ponding or erosion and allowed to
revegetate back to a natural condition.

C. Air Quality

A stationary air quality monitoring station will be established at the
selected site to assure that state and Federal standards are not contravened.
Parameters to be monitored will include, but not be limited to, sulfur oxides
(SOn), nitrogen oxides (NOx), particulates, carbon dioxide (CO ), carbon
monoxide (CO), ozone (0 ) and argon (Ar). Data obtained from ?his station
would also be used to rnWdel potential air quality impacts that may result
during the high power phase. This station will be located downwind of the
proposed laser facility in the direction of the prevailing winds. The station
will be established at the earliest practical time during the construction
phase, to provide an adequate set of background data for future modelling.

Construction areas will be kept wet, to the extent practical, to ameliorate
fugitive dust.
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D. Water Quality and Supply

All domestic and industrial waste waters will be disposed of in sewage
treatme:it facilities maintained by GBFEL-TIE personnel. These facilities
would be separate, if required. Routine checks and maintenance of these
facilities will be required in order to assure proper and adequate treatment.
Periodic inspection of these facilities will be conducted and documented in
inspection reports which will be submitted to the Commander, WSMR. The
operation and maintenance will be conducted in accordance with the New Mexico
Utility Operators Certification Requirements.

Conservation measures (e.g., closed loop and open air cooling systems) will be
implemented to the maximum extent practical to preclude any unnecessary waste
of water supplies.

All stock tanks, seeps, springs and semi-permanent streams and lakes will be
considered off-limits.

Storage tanks for petroleum, oils and lubricants (POL), as well as other
potentially toxic materials will not be located within 0.25 miles of any stock
tank, seep, spring, semi-permanent stream or lake. POL and other toxic
material storage tanks will be enclosed by containment levees and inspected
daily for potential leaks or spills. Tanks will be constructed and maintained
in accordance with Resource Conservation and Recovery Act (RCRA) regulations.
All leaks or spills in excess of five gallons will be immediately reported to
the Commander, WSMR.

E. Solid Waste

Solid waste generated during operation of the proposed program will be
collected and disposed of by an approved and licensed contractor(s), in
accorda-ce with State of New Mexico regulations. Construction wastes such as
waste lrmber or concrete will be buried on-site. No toxic or hazardous
mat.,`:i will be buried in this landfill. The landfill will be closed-out,
covered and reseeded upon completion of construction activities. Burning of
refuse is prohibited.

Other wastes such as spent cutting oil and cleaning fluids or those produced
by filtering systems (e.g., vacuum pump oil, cooling water, etc.) will be
transported and disposed of by local, approved contractor(s), in accordance
with State of New Mexico and USEPA regulations.

F. Biological Resources

Construction and operation of the GBFEL-TIE at any of the sites under
consideration would have adverse impacts to biological resources at WSMR. As
indicated in Section I (Subsection D. Environmentally Preferred Alternative)
these adverse impacts can be minimized by the selection of the Orogrande site.
However, even in this case there would be impacts directly attributable to
the GBFEL-TIE. Therefore, in accordance with the Council on Environmental
Quality's regulations for implementing NEPA located at 40 CFR 1505.2(c), the
U.S. Army Strategic Defense Command has agreed to fund a program for the
monitoring and mitigation of these adverse impacts.

The goal of the program will be to ascertain the actual project-induced
impacts on wildlife and the effectiveness of various mitigation measures
including, but not limited to, water source replacement and habitat
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restoration and improvement. To achieve this goal, specific mitigation
measures, along with reseirch questions and monitoring efforts will be
developed by an inter-agency Mitigation Oversight Team (MOT). The MOT will
consist of one representative member each from USASDC, WSMR, the U.S. Fish and
Wildlife Service (USFWS) and the New Mexico Department of Game and Fish
(NMDGF). Additional personnel having particular expertise may be invited to
contribute as needed. Mitigation measures and research efforts identified by
the MOT will be executed by USASDC. The MOT will convene periodically to
review progress and to suggest modifications and make recommendations.

Funding for these efforts will be provided by USASDC, to include the transfer
of funds to WSMR, USFWS and NMDGF for participation in the program.
Discussion with these agencies have indicated that the total expenditures that
would be required by the USASDC for successful execution of the wildlife
mitigation program should not exceed $1,000,000.

Items which have been identified to date as requiring consideration include
utilization of water catchments and habitat recruitment by wildlife,
differential revegetation rates under natural and induced situations, use of
ground target structures as nesting sites, prevention use of lagoons
containing metal salts or biocides by waterfowl and piscivorous animals, and
identification and buffering of any Swainson's hawk nesting sites within the
Orogrande project area.

1. Vegetative Communities

Impacts to the area's wildlife habitats will be minimized by utilizing
previously disturbed/developed lands to the extent practical, including
parallel construction of transmission lines, roads and railroads. If
construction staging areas are required to be located in areas that have not
been previously cleared or graded, the locations of the work area will be
approved by the GBL project office in coordination with the WSMR ENRO.

Construction staging areas and transmission line rights-of-way will be
reseeded or revegetated as soon as possible after completion of the line.
Coordination with the WSMR ENRO will be conducted in order to assure that
proper timing and species types are utilized.

Open fires on WSMR are prohibited. Accidental fires will be immediately
reported to the WSMR Fire Department in order to activate WSMR's Fire
Prevention and Control Plan.

2. Wildlife

Scheduling the construction of transmission lines, roads, railroad spurs, etc.
and determination of their routes will be coordinated through the WSMR ENRO to
avoid unique or environmentally sensitive resources to the maximum extent
practical.

Water catchments will be constructed outside of the test area to enhance
wildlife resources where deemed necessary, to compensate for lost or displaced
existing water resources. Construction will be coordinated through WSMR ENRO.

Power transmission line conductors will be adequately spaced, as prescribed by
the Raptor Research Foundation(70) in order to preclude raptor entanglement
and/or electrocution.
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Specific field surveys for threatened or endangered species will be conducted
in those areas that would be potentially affected and that provide potential
habitat for such species prior to construction activities. The survey will be
coordinated through the WSMR ENRO, New Mexico Department of Game and Fish
(Santa Fe) and the U.S. Fish and Wildlife Service (Albuquerque). The results
of this survey will be incorporated in subsequent NEPA documentation.

Fences will be routinely checked to insure that they have not incurred any
damages that would allow entrance of large mammals (e.g., gemsbok, pronghorn)
during test runs.

G. Cultural Resources

As specified in WSMR's Memorandum of Agreement (MOA - Appendix G, DEIS) with
New Mexico's SHPO, a 100 percent survey will be conducted at the selected
project area to identify and evaluate the existing archeological/cultural
resources. Eligibility of these resources to be included on the National
Register will also be determined and, where appropriate, listing will be
requested.

Mitigation of impacts to these resources may require excavation, analysis and
archival curation. A mitigation plan will be developed in cooperation with
the WSMR ENRO, New Mexico SHPO anO the Advisory Council on Historic
Preservation in the event such medsures are required. All resources recovered
will be identified, labelled and archived by WSMR and/or local universities
and museums.

Routings of fences, transmission lines, communication cables, roads,
railroads, etc. will be coordinated through the WSMR ENRO in order to avoid
additional archeological/cultural sites to the maximum extent practical.

Any additional sites that are discovered by construction crews during field
operations will be immediately reported to the GBL project office.
Construction activities will cease or by-pass these areas until inspection and
subsequent course of action is coordinated with the WSMR ENRO.

H. Socioeconomic

To the extent that construction contractors would utilize local workers,
additional dem, ands placed upon local utilities, schools, recreation
facilities, law enforcement, etc. would be minimized.

Detailed socioeconomic impact planning will be addressed in the Tier II
analysis.

The Defense Economic Adjustment Program can help communities that expect
problems in providing essential public services to new residents brought by
the GBFEL-TIE project. Requests can be made to the Department of Defense by
state or local officials.

I. Health and Safety

Lead, iron and concrete shields will be utilized within the laser facility to
reduce potential ionizing radiation of program personnel. All control rooms
for the facility would be sufficiently shielded through the use of lead, iron,
concrete and earthenworks to insure proper health and safety. Hourly dosage
levels would be limited to less than 0.002 rads for any personnel outside the
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test cell by this shielding. This amount is within Federal dosage limits.
The shielding at similar facilities consists of ten inches of iron, twelve
feet of air, twelve inches of reinforced concrete and a minimum of twelve feet
of earth.

The shielding provided is also adequate to protect aviation. At any altitude
above the GBFE.-TIE facility, the ionizing radiation would be attenuated to a
level of no more than 0.002 rads per hour by the protective lead and concrete
shields. Interference with navigational aids contained in the aircraft would
also be precluded. Airspace above the GBFEL-TIE will be restricted;
scheduling of tests will be coordinated through WSMR National Range (NR)
Directorate.

Other electromagnetic interferences will be mitigated by shielding and the
fenced areas. Those components which generate radio frequency (RFI) and
electromagnetic interference (EMI) would be contained within a Faraday cage to
reduce or eliminate interference outside of the test facility. The
combination of this type shielding and the distance from any of the three
sites to residential areas would preclude interference with televisions,
radios and computer equipment operated in the area around WSMR. Warning signs
will be posted at the laser facility for persons wearing pacemakers, since
magnetic fields greater than 5.0 gauss may cause these devices to malfunction.
In addition, close coordination will be required to insure that such
equipment at existing program facilities near the selected site is either not
operating or are adequately protected during test operations, to obviate
losses of pertinent data and/or equipment. Other components, such as the
accelerator, would be shielded with materials that have magnetic properties
(e.g., iron, steel) to capture and dissipate magnetic pulses that would be
produced during operation of the accelerator.

Only for the duration of the test run (i.e., maximum of 60 seconds) would
there be a potential to produce electromagnetic or ionizing radiation. The
only source of residual ionizing radiation would be potentially &ctivated
components of the laser equipment which would be shielded from the outside
environment.

A radiation detection warning system and personnel exposure badges will be
implemented. This system will include radiation monitors on all gas and fluid
lines which exit the facility, as well as monitors on all entrances and exits
to areas where radiation activated components may occur.

A gas detection system will be utilized to detect and measure ozone (03),
benzene (C6 H6 ), carbon monoxide (CO), smoke an(. carbon dioxide (CO2 )
levels.

No access to the test cell will be permitted until 20 minutes after cessation
of the test and upon receipt of analyses from ozone sensors to confirm that
concentration of ozone within the test cell is no more than 0.1 parts per
million (ppm). Access to the accelerator for maintenance, etc. would be
restricted until concentration of benzene has reached acceptable levels. The
detection system for the last three parameters (i.e., CO, smoke and CO )
would provide an early warning system for accidental fires in relatively
inaccessible areas such as the accelerator and wiggler.

Additional radiation monitors would measure the level of any activated gases
or dust to ensure that the beam dump vault is within acceptable ranges for
ionizing radiation.
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"Voltage on" indicators and mechanical interlocks will be installed to prevent

high voltage electrocution accidents from occurring.

Both automatic and manual photon beam shutters will be on all subsystem
entrances and exits.

A vacuum leak arid coolant flow leak detection system will prevent operation of
the laser in case of vacuum pumps and cooling systems failure.

All pressurized gas systems will have blow out disks and venting systems to
prevent overpressure.

Construction contractors will be required to strictly adhere to Occupational
Safety and Health Administration (OSHA) regulations.

Safety Standard Operati% Procedures (SSOP) will be formulated and published
to insure that all program personnel are protected to the maximum extent
practical. The SSOP will include, but not be limited to, noise protection,
eye safety, gas detection/monitoring system, keep-out zones and electrocution
precautions. The SSOP will be coordinated with WSMR and provided to all
GBFEL-TIE personnel.

WSMR has established a comprehensive Hearing Conservation Program consisting
of five major parts: (1) identify and post noise hazard situations; (2) use
engineering/administrative control measures against noise; (3) provide hearing
protection; (4) provide audiometric testing; and (5) instruct personnel in
proper use of protection equipment. This program will be implemented and
strictly adhered to during the construction and operation phases of the
proposed project.

J. Radio Frequency Interference

Special contaiiunent building design and construction, high performance line
filter-c, shielding, natural attenuation, etc., will all be employed to prevent
radic frequency interference (RFI) from the GBFEL-TIE. Any radar equipment
employed will be chosen tc operate in a frequency range outside the bands used
by sensitive equipment in the area.
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VI. PUBLIC INVOLVEMENT

A. Scoping Meetings

Public comments concerning the GBFEL-TIE project were solicited from Federal,
state and local agencies and from the general public prior to initiation of
the Draft EIS. Agencies were invited by letter to an agency scoping meeting
held in Albuquerque, New Mexico on 14 July 1986. Notification was given in
the local newspapers announcing four Public Scoping Meetings at Socorro,
Alamogordo and Las Cruces, New Mexico and El Paso, Texas on 15 July, 16 July,
17 July and 21 July 1986, respectively. Copies of the agency letter and the
public notices were presented in Appendix F of the DEIS.

Handouts were presented to each attendee at each of the meetings (see Appendix
F, DEIS). The purpose of these handouts was to briefly but concisely inform
attendees of the purpose of the GBFEL-TIE, as well as the proposed
applications and potential impacts. The agenda of each meeting, all of which
were moderated by USASDC, consisted of a brief welcome and introduction, an
explanation of the purpose of the scoping meeting, a brief description of the
project and types of potential impacts that would be considered. All general
discussion periods were followed with a comment and suggestion period to a-low
for increased attendee input. A court stenographer recorded all the
proceedings and discussions verbatim. These transcripts are available for
review at the Fort Worth District Corps of Engineers office. Comments and
suggestions, including questions brought forth at the meetings as well as
USASDC responses, are included in these transcripts. The agenda and
significant discussion themes for each scoping meeting are summarized in the
following paragraphs.

1. Agency Scoping Meeting, Albuquerque, NM - 14 July 1986

The agency meeting for Federal, state and local agencies with potential input
into the GBFEL-TIE Draft EIS was held at Room 6008 of the Old Federal
Building, 517 Gold Street SW., Albuquerque, New Mexico. The meeting, which
took place between 1:20 PM and 2:15 PM, had 28 representatives in attendance.
The introduction and presentation by USASDC was made and the meeting was
opened for comments, suggestions and questions.

The significant issues or concerns identified during this meeting included:

o Corps of Engineers jurisdiction
o Permit applications
o Seismicity
o Physical requirements of GBFEL-TIE facility
o Impact of utility right-of-ways on public and

private lands
o Conflicts with other public programs
o Airspace requirements and restrictions
o Water resources
o EIS time schedule
o Socioeconomic effects

2. Public Scoping Meeting, Socorro, NM - 15 July 1986

There were 45 persons in attendance at the Socorro Public Meeting held at the
Socorro County Courthouse between 7:30 PM and 8:18 PM. After the USASOC
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introduction and presentation regarding the proposed GBFEL-TIE project, an
invitation was extended to make comments or statements in response to the
proposed GBFEL-TIE project.

The significant issues discussed were as follows:

o Seismicity
o Physical size of laser facility
o Radio frequency interference
o Project related bidding and contracts

3. Public Scoping Meeting, Alamogordo, NM - 16 July 1986

The Alamogordo Public Meeting, held at the Civic Center Room, 1st and Florida
Streets, started at 7:40 PM and ended at 8:45 PM. There were 185 persons in
attendance. As at previous scoping meetings, a comment and question session
followed the introductions and presentation.

The significant issues and concerns discussed were as follows:

o Technical feasibility of SDI program
o Effects upon SALT talks
o Offensive use of experiment
o Safety hazards including radiation and hazardous

gases
o Seismicity
o Power-requirements and potential sources
o Airspace requirements and control
o Potential labor force requirements
o Source of construction supplies

4. Public Scoping Meeting, Las Cruces, NM - 17 July 1986

The Las Cruces Public Meeting, held in the City Council Chamber, 200 N. Church
St., had a total of 175 attendees. The meeting commenced at 7:30 PM and
adjourned at 8:50 PM. After introduction of the local dignitaries and
officials present and the GBFEL-TIE presentation, the meeting was opened to
comments and questions.

The significant topics identified included:

o Effects on local housing
o Electrical power source and requirements
o Air pollution and health problems
o Project duration
o Work force requirements
o Water resource conservation
e Research benefits
o Economic effects

5. Public Scoping Meeting, El Paso, TX - 21 July 1986

There were 95 persons in attendance at the El Paso Public Meeting. The
meeting, which was held in the City Council Chamber, Room 2 of the Civic
Center Plaza, started at 1930 hrs and concluded at 2100 hrs. Several
dignitaries and officials were introduced prior to and immediately after the
presentation. A period of public comments and questions followed.
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The significant issues and concerns discussed were:

o Potential power sources
o Storage and transportation of radioactive

by-products
o Potential atmospheric impacts
o Economic and technical feasibility of project
o Worst case scenarios
o Effects of transportation
o Water resources

B. Agency Coordination and Agreements

The Department of the Army (DA) White Sands Missile Range (WSMR) recognizes
the effect that on-going mission activities could have on existing wildlife
and historical resources. To ameliorate any potential impact to these
historical and natural resources, the DA closely coordinates with those
agencies which regulate and protect these resources.

1. New Mexico State Historic
Preservation Office (SHPO)

The DA WSMR has agreed that any mission or activity shall be conducted in
accordance with a multi-point Memorandum of Agreement with New Mexico SHPO.
The complete memorandum of agreement was presented in Appendix G of the DEIS.
The document essentially consists of an agreement to:

a. Treat historical properties acc6rding to
their significance, balanced against
public values and the military mission.

b. Adhere to a comprehensive historic
preservation plan.

c. Implement a cultural and historical
resource protection program.

d. Implement a public education program.
e. In conjunction with SHPO implement a

research administration plan.
f. Provide specific materials for comment

and review.
g. Require archeological contractors to

adhere to given stipulations.
h. Share data with SHPO.

2. Fish and Wildlife Service

Considering the potential impact the GBFEL-TIE facility construction and
operation may have on natural resources, cooperation and coordination with the
U.S. Fish and Wildlife Service and the New Mexico Department of Game and Fish
Department was solicited and encouraged. Each of these agencies was informed,
by letter, of the proposed project. The purpose and operation of the
GBFEL-TIE were briefly explained and a request was made from each agency for
information concerning threatened and endangered species that may occur at any
of the three sites and could potentially be impacted by either the
construction or operation. Additionally, any other data concerning impacts
that the proposed GBFEL-TIE could have on existing resources were requested.
Responses to these requests are incorporated as Appendix A.
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C. Public Review and Comment

Public comments concerning the DEIS were solicited from Federal, state and
local agencies and from the general public after a Notice of Availability was
published in local newspapers. The notice also announced four public meetings
at Socorro, Alamogordo and Las Cruces, New Mexico and El Paso, Texas on 20
October, 21 October, 22 October and 23 October 1986, respectively.

Handouts were available for every attendee at each meeting. The handout
summarized the information on the purpose of the GBFEL-TIE, proposed
applications and potential impacts presented in the DEIS. The handout also
contained a blank form to complete and turn in before the meeting for those
persons wishing to make a public statement. The agenda of each meeting, all
of which were moderated by USASOC and U.S. Army Corps of Engineers Fort Worth
District, consisted of a brief welcome and introduction, an explanation of the
purpose of the public meetings, a brief description of the project and a
summary of the types of potential impacts that were considered. After the
general introduction and briefing comments were made, the public was allowed
to present comments both written and orally. The deadline for submitting
comments on the DEIS was originally established as 18 November 1986, but was
later extended to 21 November 1986. Comments received or postmarked before 21
November 1986 were addressed and are included in this FEIS.

A court stenographer recorded all the proceedings and discussions verbatim.
These transcripts are available for review at the Fort Worth District Corps of
Engineers office. The agenda and significant discussion themes for eac~h
public hearing are included in the following paragraphs.

1. Public Meeting, Socorro, NM - 20 October 1986

There were 181 persons in attendance at the Socorro Public Meeting held at the
Macey Conference Center, New Mexico Institute of Mining and Technology. The
meeting was held between 7:30 PM and 10:30 PM. After the introduction and
presentations, persons wishing to make a public statement regarding the DEIS
were asked to present their comments either in writing or verbally.

The significant issues discussed were as follows:

o Site selection process
o Housing
o Schools
o Economy
o Site boundaries
o Radiation hazards
o Radio frequency interference
o Conflicts with VLA project
o Light pollution
o Employment opportunities
o Water supply
o Bighorn sheep

2. Public Meeting, Alamogordo, NM - 21 October 1986

The Alamogordo Public Meeting was held at the Alamogordo High School
cafeteria, 103 Cuba Avenue, between 7:30 PM and 8:25 PM. There were 84
persons in attendance. The same format was followed as in the previous
meeting.
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The significant issues and concerns discussed were as follows:

o Water supply
o Water quality
o Wildlife
o Power production
o Socioeconomic considerations
o Mission conflicts with other programs
o Archeology
o Orogrande as a preferred site

3. Public Meeting, Las Cruces, NM - 22 October 1986

The Public Meeting at Las Cruces was held at the Best Western Motel, 901
Avenida de Mesilla, between 7:30 PM and 8:25 PM. A total of 117 persons
attended the meeting. After the introduction and presentation of the proposed
GBFEL-TIE project, the meeting was opened to the public for written or verbal
statements.

The significant issues and concerns discussed were as follows:

o Cultural resources
o Preference of "no action"
o Air quality
o North of NASA as a preferred site
o Light pollution
o Socioeconomic considerations
o Railroads
o Electrical supply
o Air space restrictions
o Nuclear strike by the USSR
o Water supply

4. Public Meeting, El Paso, TX - 23 October 1986

Ninety-four persons attended the Public Meeting held in El Paso, Texas at the
Airport Hilton, 2027 Airway. The meeting was held between 7:30 PM and 8:55
PM. The same format was used as in the previous meetings.

The significant topics discussed included:

o Laser safety
o Electrical interference
o Ecology
o Radioactivity
o Water supply
o Wildlife
e Socioeconomic considerations
o Lack of identification of a preferred site
o Cultural resources
o Preference of "no action"
o Nuclear strike by the USSR
o Laser operations
o Nuclear powered laser
o Endangered plants
o Air space restrictions
o Highway restrictions
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D. Responses to Comments

Comments from each person that made an oral statement were excerpted and are
presented, in sequential order, on the following pages. Responses to each
comment are presented adjacent to each comment.

As mentioned previously, written comments which were received or postmarked by
21 November 1986 were reviewed and addressed. These letters are presented on
the pages following the oral comments. Responses for each comment contained
in each letter (i.e., written statement) are presented adjacent to the letter.
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VII. LIST OF PREPARERS

As is the case for most multidisciplinary studies, numerous persons have
provided valuable input throughout the preparation and conduct of this EIS.
These persons include environmental and engineering staff members of the U.S.
Army Corps of Engineers, Fort Worth District and Huntsville Division; U.S.
Army White Sands Missile Range, Environmental and Natural Resources Office;
U.S. Army Strategic Defense Command, WSMR and Huntsville; General Research
Corporation, Huntsville; and Teledyne-Brown, Huntsville. The Cultural
Resources Study and Cultural Preliminary Report were accomplished by Prewitt
and Associates, Inc. The following is a list of those persons having primary
responsibility of the preparation of this document.

Name Experience Area of Responsibility

Mr. Ruben G. Garza 13 yrs environmental Climate, Geology, Air,
studies, Geo-Marine, Inc. Air Access and Safety

Procedures

Mr. John Hoffmann, P.E. 10 yrs environmental Noise, Public Involvement
studies, Geo-Marine, Inc. Water Resources

Mr. Chris Ingram 8 yrs environmental Project Description,
assessments and impact Biological Resources,
statements, Gulf South Mitigation
Research Institute

Dr. Roger Powell 20 yrs in socioeconomic Socioeconomic and
and transportation Transportation
analyses,.10 yrs in EIS
services, Powell. Associates

Mr. Harold Leggett 6 yrs in biological Biological Resources
resource assessment,
toxicological investiga-
tions, water and wastewater
management, Gulf South
Research Institute

Mr. James Hoover 10 yrs in socioeconomic Socioeconomic and
interpretation and Transportation
evaluation, Gulf South
Research Institute

Dr. Kent McGregor 10 yrs remote sensing, Habitat Mapping
North Texas State Univer.

Dr. Lloyd Fitzpatrick 20 yrs habitat evaluations Vegetation Identification
North Texas State Univer.

Oran F. Bailey 36 yrs soils and Vegetation Identification
vegetation identification
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Acronyms and Abbreviations

ABM - anti-ballistic missile

ACGIH - American Conference of Governmental Industrial Hygienists

AFB - Air Force Base

BLM - U.S. Bureau of Land Management

bp - before present

BS-85 - Borderstar 1985

CFR - Code of Federal Regulations

COE - Corps of Engineers

DEIS - Draft Environmental Impact Statement

DOD - Department of Defense

EID - New Mexico Environmental Improvement Division

EIS - Environmental Impact Statement

EMI - electromagnetic interference

ENRO - WSMR Environmental and National Resources Office

EPA - U.S. Environmental Protection Agency

FAA - Federal Aviation Administration

FEIS - Final Environmental Impact Statement

FEL - Free Electron Laser

GBFEL-TIE - Ground Based Free Electron Laser Technology Integration Equipment

GLC - ground level concentrations

gpd - gallons per day

gpm - gallons per minute

HELSTF - High Energy Laser Site Test Facility

ISCP - Installation Spill Contingency Plan

km - kilometers

LLNL - Lawrence Livermore National Laboratory

m - meters

MAF - million acre feet



Acronyms and Abbreviations (cont'd)

MMD - mean mixing depth

MOA - Memorandum of Agreement

MOPA - Master Oscillator/Power Amplifier

MVA - megavolt amperes (closely approximates megawatt)

NASA - National Aeronautics and Space Administration

NMGF - New Mexico Department of Game and Fish

NR - WSMR National Range Conmand

NWPS - National Wilderness Preservation System

NWR - National Wildlife Refuge

OSHA - Occupational Safety and Health Administration

PDEIS - Preliminary Draft Environmental Impact Statement

POL - petroleum, oils and lubricants

ppm - parts per million

PSD - Prevention of Significant Deterioration

RCRA - Resource Conservation and Recovery Act

RFI - Radio Frequency Interference

RFL (RF Linac) - Radio Frequency Linear Accelerator

ROW - Right-of-Way; pl. Rights-of-Way

SDI - Strategic Defense Initiative

SHPO - State Historic Preservation Officer

SPCCP - Spill Prevention Control and Countermeasures Plan

SRC - Stallion Range Camp

SRS - Stimulated Raman Scattering

SSOP - Safety Standard Operating Procedures

tds - total dissolved solids

ug/m3 - micrograms per cubic meter

USAEHA - U.S. Army Environmental Hygiene Agency



Acronyms and Abbreviations (cont'd)

USAF - U.S. Air Force

USASDC - U.S. Army Strategic Defense Command

USDA - U.S. Department of Agriculture

USDA-SCS - U.S. Department of Agriculture - Soil Conservation Service

USDI - U.S. Department of the Interior

USFWS - United States Fish and Wildlife Service

WIT - Warhead Impact Target Area

WSA - Wilderness Study Area

WSMR - White Sands Missile Range
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Glossary

Abiotic - not produced by or as a result of life or living processes

Anode - the positively charged lead of an electrical circuit

Aquifer - an underground layer of relatively porous rock, sand, mineral
containing water

Artifacts - any object made by human work, especially those of earlier man

Atmospheric turbulence - See turbulence

Azimuth - distance (in degrees) in a clockwise direction from the north point

Basalt - lava

Bifacial - flint tools that are worked on both sides to produce a sharp edge

Bifacial debris - residual material which resulted from the work of bifacial
flint tools

Biotic - produced by or as a result of life or living processes

Cathode - the negatively charged lead of an electrical circuit

Ceramics - objects which are manufactured or related to clay, earthenware,
pottery

Electrons - one of the three common particles of the atom. It is the smallest
of the three and carries a negative electrical charge

Faraday cage - self contained room with walls comprised of copper screening;
the walls intercept radio frequency and electromagnetic waves as they
are generated

FEL - acronym for free electron laser; this type of laser uses electrons in a
strong electromagnetic field to increase the light beam intensity

Hectare - unit of surface measure in metric system, equal to 10,000 square
meters (1 hectare - 2.47 acres)

Herpetofauna (Herpetiles) - reptiles (lizards, snakes) and amphibians (toads,
frogs)

Hyperbolic mirror - specially designed, convex shaped mirror used in
conjunction with other mirror systems to direct the laser beam toward
the wiggler or power amplifier

Infrared spectrum - invisible light waves just beyond the red end of the
visible spectrum and includes several bands or groups of wavelengths
such as radar, x-ray and gamma

Ionization - a state of matter characterized by free electrically charged
particles



Glossary (cont'd)

Kilometer - unit of length in metric system, equal to 1,000 meters (1
kilometer = 0.62 mile)

Laser - acronym for light amplification by stimulated emission of radiation

Megawatt - one million watts or about 1,300 horse power

MOPA - abbreviation of Master Oscillator/Power Amplifier; this is a technique
which uses a low power laser (the master oscillator) to drive a high
power light amplifier.

Multicomponent site - an archeological/cultural site which exhibits more than
a single type of artifact, usually indicative of several occupational
sequences

Optic apertures - an aperture is an opening through which light passes; a
typical optic aperture is the opening in the end of a telescope

Parabolic mirror - specially designed bowl-shaped mirrors used in conjunction
with other mirror systems to direct the laser beam toward the wiggler or
power amplifier

Playa - a large depression which creates a semi-permanent or intermittent lake
which has no drainage from the lake; playas usually provide valuable
habitat for numerous wildlife species

Porphyry - igneous rock, such as lava, that contains large distinct crystals

Prompt radiation - radiation which occurs during an event such as while arr
accelerator is running but which stops quickly

Rad - a dosage of absorbed ionizing radiation usually used to meabure amounts
of x-ray radiation received

Rem - a measure of dosage of ionizing radiation such as x-ray or gamma-ray
radiation

Sedimentary - rock or soil formation formed by deposition of sediments,

usually in layers

Seismicity - the degree to which a region is subject to earthquakes

Socioeconomic - dealing with the social and economic resources of an area

SRS - Stimulated Raman Scattering is a non-linear optical phenomena caused by
intense light. The effect causes the loss of energy in the main beam by
conversion to other wavelengths

Thermal blooming - phenomenon that produces the shimmering effect observed on
hot days as one looks across an asphalt parking lot; produced when air
becomes heated and its density and, consequently, its index of
refraction, changes

Topography - the physical features and characteristics of an area



Glossary (cont'd)

Turbulence (atmospheric turbulence) - phenomenon which produces the twinkling
effect of stars; caused by air acting as a moving lens which alternately
points the star light in different directions

Uplink - the process where a light beam is propagated from the ground to a
space target, while the beam is corrected for optical aberrations caused
by its travel through air

Water hammer - the sound produced in waterpipes or other vessels when high
pressure water flow is shut off too quickly

Wiggler - the part of the FEL which controls the oscillation behavior
(wigglers) of the free electrons which in turn causes the energy to
produce light.

bp - before present; an archeological term used to express time

Zenith - point in the sky directly overhead
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Atmospheric turbulence: 1-4

Basque del Apache National Wildlife Refuge: 111-23, 111-46, 111-53, 111-69;
IV-7, IV-21

Drainage: 111-1, 111-33, 111-35, 111-39, 111-67; IV-2, IV-13, IV-19; V-1

Evaporation Ponds: IV-42

Eye Hazards/Safety: 1-18, 1-19, 1-26; 111-30, IV-42; V-4, V-6; VI-2, VI-5

Fire: 111-54, 111-55, 111-57, 111-67; IV-1, IV-11, IV-12, IV-13, IV-16,
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11-10, 11-21; IV-5, IV-69 IV-7, IV-8, IV-9, IV-11, IV-12, IV-16, IV-18,
IV-19, IV-2J, IV-21, IV-25, IV-42, !V-45, IV-48, IV-49; V-1, V-3; VI-2,
VI-3, VI-5

Program Conflicts: 1-25, 1-26, 1-27; 11-i, 11-21, 11-23; VI-i, VI-4, VI-5
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San Andres National Wildlife Refuge: 1-1, 1-26; 11-1; 111-52; IV-9, IV-20,
IV-21

Seismicity: 111-13; IY-1; VI-1, VI-2

Soils/Geology: 1- 23; 11-1, 11-3; 111-5, 111-8, 111-14, 111-53, 111-68;
IV-1, IV-2, IV-36; V-1

Solid Wastes: 1-18, 1-20, 1-22, 1-23; IV-39; V-2
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111-33; IV -2, IV-13, IV-16, IV-18, IV-42, IV-48; V-3

Thermal blooming: 1-4, 1-5, I-1i, 1-15

Threatened or Endangered Species: 11-3; 111-30, 111-39, 111-45; lY-ig; V-4;
VI-3

Vegetation: 111-30, 111-33, 111-35, 111-37; IV-9, IV-10, IV-11, IV-12

Wastewater: 1-22; V-2; VII-1

Water Supply/Water Resources: 1-20, 1-27; 11-1, 11-6, 11-10, 11-21; 111-5,
111-13, 111-14, 111-37, 111-42, 111-45, 111-46, 111-53, 111-68, 111-69,
111-70, 111-71, 111-72; IV-1, IV-2, IV-6, IV-9, IV-11, IV-12, IV-16,
IV-19, IV-20, IV-25, IV-32, IV-36, IV-37, IV-38, IV-39, IV-45; V-2, V-3;
VI-1, VI-2, VI-3, VI-4, V1-5

White Sands National Monument: 1-1; 11-1; 111-1, 111-4, 111-5, 111-53;
IV-9, IV-21

Wildlife: 1-1; 11-3; 111-39, 111-45. 111-46, 111-52, 111-67; IV-6, IV-9,
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* DEPARTMENT OF THE ARMY
FORT WORTH DISTRICT. CORPS OF ENGINEERS

P. 0. BOX 17300
FORT WORTH. TEXAS 76102-0300

RnMOV TO July 23, 1986ArTTUNT10O4 OF%

P1aiOn1,n Division

"tr. John Paterson
Ficlad aSu.ervi sor
Lcolojgii~al S.rvies
LV.S. Fish end Wildlife Service
03tate 44ll, Room 137
F90•. 3'ox 440)7

Albuquerque,, ie faexid-o 8i710b

&ear Irt. Peterson:

The U.S. Army Core% of Englneera, Fort WIorth District, Il
presently prepleringI an. Knvironeengal Inpact ,tatmenet (U.S) on tha
proposed I;round !!Axed Free F.lectron Laser Technology [ntegratton

xperliuaeut (GWIFU:L-'Te.) at 'White f.anda ttiseile Range (WWIP.), Heew
Mtexico. The CISI Is hatu4 propaced for the Strategic 'Jefunse
Covnand (f-)C), the progpnent o.f the r SFIL-TI-e

The purpose of the .PDFL-TIN to to develop and evaluate
scalable laser technologies for potential use in future defense
systen•. PresetiLly, three sites, as Illustrated on the attached
uni, are being considered as possible loc:ations for the COSFF.-TIF.
The facility, includtin ancillary structures and security areas,
would encompass an area 2 liles by 10 sitls. Power trensmission
lines (345kv) would have to be constructed to serve either of the
three sites, although tranmalssion line routes hove not been
identified at present.

The StC proposes to be&in construction in mid-1987 after
completion of the Final CIS* Construction would require approxi-
;scaly 3 to 4 years. The experiments would be condvscted in two
phAses: the madiwu pover phase would be conducted for approsi-
mately 2 yearn, and the hoifh power phase would have a duration of
about 3 years. The experIpent would primarily involve directing a
laser beam at various ground, air, and/or space diagnostic
tarqots. The duration of each test run would be less than 2
minutes. The laser beases wavelength would be in the near
infrared range (1.06 microns); the energy output of the beam,
however, is classified.

This letter is a fornal request for any information you uay
have concerning threatened or eudanniered sperles that may Occur in
or near any of the three sites and which could potentially be
lipactod by the construction and/or operation of the proposed
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Ven Jut: . This information shocu1-J also h~inclue those~ ~twe[;s
pre-;ently cemnutiared asCt-i.r I e peetow. I %it-ti).i alsoI iv~ to)

uoLju1Lt vuuI l'Teawnt o,)iin on .:oaternintn the pe7itati~iia for Woi c 1 ai-

cal atuseawtie~ts u'der .ua,-tt~u 7 cconbultattioi for azny tipccisEb, a*s

w~ell as vemwe(rxt vott way La.vu~ jubaoL 4ny poteatlidl .nvl ronre-ial

In liddiidoa, IL is our %nds.-rsCtandi&4 that the USF111 -1-v tUe
con-ucisis. field surveys for protec:ted specles (c.go, p4!reirlaie
falcoas) in the Franklin, tir-!,on, axid/ur Sn ti Aidrbis .ottniujJ-ns4 ~
prelir.4i~irv d.1td irot, tlietw airv'eya tnat you .:otld pr'wviie wouldi
be gre.itly apprtctiate:J.

:.ijr jofsunt jiciiedule r,-q~ttices an La-l-iouse itraft Llf hy
,21ei-Aug~ust; therefurei, I 'mould alpppreciate your prowiat atLCI)Lio'
to thls re~jtitn-t. If you 'iveany df~&utiuotton or rc.ptIirce ;ddlt ioikal
iut or::uittton, pleauc .Jo a~ot 4~esitatex to c~all :Jr. Paiul ;'. ;Iitiaorn a1L

(517) 334-if095.

Tisant yout for your conltinuedf coopcration am-i dasststaflce. -to
ar 1fl:o'ifl,, fon.ard Lo your rezupon~eo

Mtief, Planning; Diviusion

Copy Furn ishe~d:
Commander
U.S. Army Engineer D~ivision, H1untsville
ATTIM: I4RIDEJ)-CS (4Jh itehead)
P.O. lRox 1600
Huntsville, Alabama 35807

Mr. Ruben G. Garza
Ceo (lartne, Inc.
1316 Fourteenith Street
Plano, Texas 75074

?4r. Chris Ingrain
Culf S.outh Research Institute
P.O. Box 14737
Baton Rotige, Louisiana 7089A
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DEPARTMENT OF THE ARMY
FORT WORTH DISTRICT. CORPS OF ENGINEERS

P. 0. BOX 17300
FORT WORTH. TEXAS 76102-0300

EUPLY TO
ATT,4T@ Of- July 23O, 196b

PlanninA. Division

'Ir. John iubbard
Alw Mexico Camg and Fish Oepartw.ent
StAte Capitol
Santa Fe, N•tw Hexico 475O3

near %1r. ihsbbards

"the U.9. Arwy Corps of Englueers, Fort Worth Di•strict, is
preauntly prephrin4 dn Environuental Impact Statement (EIS) on the
proposed Ground based Vree flectron Laser Technolosy Ittcegration
ýxperi-,ent (L P•I.TI!.) at White Sands Hisslla Kanet (W•S411), :Jeu
'.txico. The EIS is beiun prepared for the Strategic D)efense
Command (SX•), the proponent of the Gl8FELI-TIE. *

The purpose of the WW£L-71E is to develop and evaluate
scalable loser technologies for pottntial use in future defense
systems. Presently, three sites, as Illustrate4 on the attacheJ
map, are being considered as possible locations for the G(;FL-rlT.
The facility, Including ancillary structures and securtty areas,
woold encompass an area 2 aules by 10 miles. Power transmissinn
luies (345kv) woSild have to be constructed to serve either ot the
three sites, althosuigt tranewission lille routes h-ave not been
Idcntified at present.

"Iahe S;.C proposes to begin construction In -std-1907 after
coapletion of the FInial MIS*. Construmtion would require approxi-
osately 3 to 4 years. The experiments would be conducted in two
phasest the mediun power phase uouJd be conducted for approxi-
rnately Z years, and the higil power phase would have a duration of
about 3 years. The experiment would primarily involve directino a
laser been at various ground, air, and/or space diagnostic
targets. The duration of each test run would he less thann
miautes. (he laser beal'b vavelength would be in the near
infrared range (1.06 alcrons); the energy output of the bans,
however, is classified.

This latter is a forma.l request for any information you may
have concerning threatened or endangered species that may occur ire
or near any of the three sites and vhicn could potentially be
iLopm'ted by the construction anJl/or operation of the proposed
project. I would also like to solicit any concerns that you may
preseutly have about any potential environuaental Impacts at each
of the three oltern.tive sites.
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iutr presetic tc:!hc*tul| rtuiOfrcn is in-|•souse ciraft r 1l t,;,

utl-Aut;,ust; thereforLe, I waould a 1 ,pprectate your fro::pt att.eitisi

to thini re-,quest. If you lwva inv quesrilns or reliure ea&.titij).kZl

tnfltr,.ttlojl, piea,• do not Nesitiste t, call 1A•r. 1'3,11 it. ;',ihura at

(317) '34-2095.

"0Inth1tk you fur your cuatiined cooparattont 9nd assistan:.. c '0

are lookits•g forwdrJ to your resjonlia.

'I nce re Ly ,

-,!ichaeJ J. "-ock,- P.C,.
ChLtf, P'lanning iblvlb, Joa

lunlo;to'a

Copy Furnished:
Commander
U.S. Army Engi.neer Division, Huntsville
A•"T: HNDEID-CS (il.tehead)
P.O. Box 1600
Huntsville, Alabama 35807

.Mr. Ruben G. Garza

Geo .tarine, Inc.
1316 Fourteenth Street
Plano, 'exas 75074

Mr. Chris lngrabi
Culf South Researc:h In:tLitute
P.O. lk)x 14787
baton Rouge, Louisiana 70898
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FNH AND WLDUJM $MtVnc
Field Supervisor

Ecological Services, USFS Cons. #2-22-86-I-
Post Office Box 4487

Albuquerque, New Mexico 87196

August 29, 1936

Hr. Hichael J. Hocek, P.E., Chief
Planning Division
Corps of Engineers, U. S. Army
P. 0. Box 17300
Ft. Worth, Teims 76102-0300

Dear Mr. 71ocek:

This responds to your letter dated July 23, !M36, requesting information
on the effects of the Ground Based Free Electron laser Technology
Intergration Experiment (GBFEL-TIE) on species Federally listed or
proposed to be listed as threatened or endangered. The proposed action
involves the contruction of an experimental ground based free electron
laser system. Elements of this system include a linear particle beam
accelerator and laser beam tube up to several miles in length enclosed
in an underground tunnel; a beam director resembling an astronomical
observatory and telescope to aim the laser at various ground, air,
and/or space diagnostic targets; security areas; power supply; and other
support facilities. In addition, a 345 kV power transmission line would
be constructed to supply power to the GBFEL-TIE. Construction of the
facility would occur in two phases. Ultimate development would occupy
an area of two miles by ten miles and require significant electrical
power and water resources (80 - 100 megawatts base load and 1,400 acre-
feet/year, respectively).

Three sites are being considered for the GBFEL-TIE on White Sands Hissile
Range (WSPR) in south-central New Mlexico: 1) north of the NASA site
west of the San Andres Hountains in Dona Ana County, 2) south of the
Stallion Range Camp in the northwestern portion of WSIR in Socorro
County, and 3) near the Orogrande Range Camp in the southeastern portion
of WSHR in Otero County.

We have used the information in your request to narrow the enclosed list
of species occurring in the project area to those which may be affected
by your proposed action.

As you requested, the list has been expanded to include both Category 1
and Category 2 candidate species. Candidate species have no legal
protection under the Endangered Species Act and are included in this
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document for planning purposes only. Category 1 species are those
species for which the Service has substantial information to support
their listing as endangered or threatened. The development and publica-
tion of proposed rules for these species is anticipated. Category 2
species are those species for which current information indicates that
proposing to list as endangered or threatened my be appropriate, but
for which conclusive biological data are not currently available to
support proposed rules.

Information relating to the Section 7 consultation process has been
enclosed for your use in project planning. We suggest you contact the
Hew Zlexico Department of Came and Fish and the New Mexico Heritage
Program for information concerning fish, ,rildlife and plants of State
concern.

The Service is particularly concerned with impacts on nesting raptors in
the San Andres and Oscura Hountnins, interruption of migration routes of
large mamma ls, alteration of natural drainage patterns, increased water
and wind erosion, and direct habitat losses due to project construction
and operation. Two of the proposed alternative sites are located in
proximity to iational Wildlife Refuges (NWR) administered by the Service.
The Stallion Range Camp site is within 11 miles of Bosque del Apache
SUR, while the FWASA site is less than 4 .miles from San Andres HVlR. The
proposed 345 kV transmission line could have significant adverse impacts
on wildlife resources, depending on the site selected for the GBFEL-TIE
and the powerlines length and alignment. The environmental impact
statement for the project should include this component in its evaluation
of impacts, especially with regard to its potential effect on eagles,
cranes and other large birds.

If we can be of further assistance, please call our office at (505)
766-3966 or FTS 474-3966.

Sincerely yours,

4tihael oao
Daahoo

Acting Field Supervisor

Znclosures

cc: (w/cy encls)
Director, New Zlexico Department of Game and Fish, Santa Fe, New Mexico
Director, New 1[exico Heritage Program, New Aexico Hatural Resources

Department, Santa Fe, New flexico
Regional Director, FWS, Wildlife Enchancement, Albuquerque, New :[exico
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ENDANGEREI) SPECIES ACT
SECTION 7 CONSULTATION PROCESS

Section 7 of the Endangered Species Act requires that all Federal Agencies

consult/confer with the U.S. Vish and Wildlife Service or National Martine
FisherLes Service (hereafter referred to as Service) regarding endangered

species. This consultation to necessary to Insure actions authorized,
funded or carried out by such agencies do not jeopardize the continued

existence of any listed or proposed endangered or threatened species or

adversely modify or destroy critical habitat of such species. The purpose

of these requirements is to identify and resolve, at the early planning
stage, potential conflicts hetween the action and these species and their

critical habitat. The following explains the processes used to comply with

these requirements.

For Section 7 consultation purposes actions are placed In two categories:

one consisting of major construction actions significantly affecting the
quality of the human environment and a second consisting of non-construc-
tion actions. A major construction action is defined as a construction

action which will require preparation of an ZIS. Actions not requiring an

EIS are created as non-construction category actions.

CONSULTATION PROCESS

NON-CONSTRUCTION ACTIONS. For actions i' this category it ts incumbent

upon'the Federal action agency to assess whether its action may affect

endangered and threatened species. If no effect is evident, there is no

need for further consultation. However, If it Is determined the proposed

action may affect listed species, the Federal action agency shall initiate

formal Section 7 consultation with the Service.

While not required, a list of listed or proposed species found in the

vicinity of the proposed action may be obtained from the Service by the

Federal agency or their agent.

CONSULTATION PROCESS

CONSTRULTION ACTIONS. For proposed actions In this category, the Federal

agency or their agent requests from the Service information on any species

listed or proposed to be listedu chat may be affected by the action. The

Service will provide this information within 30 days after receiving the

request.

Based on the list provided by the Service, the Federal action agency, or

their delegated agent, conducts a biological assessment of the total area

affected by the proposed project to identify impacts upon those species as

a result of the proposed action. This assessment shall be completed within

180 days after receiving a list of species from the Service. If the as-'

sesement is not initiated within 90 days after receipt of the species list,
the accuracy of the list should be vprlfled before conducting the assess-

sent*
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8tolohical asseessents should Include as a minoim

(1) An on-sic. Inspection oat the aces affected by the proposed action
Including a detailed survey of the area to determine If listed or
proposed species are present and if suitable habitat exists for
expanding the existing population or potential reonfrouctom at
the population;

(2) Interviews with recognized experts on the species Involved Includ-
Ing personnel of the Service, State conservation departments.
universities, and others who sy have data not yet ftoad In.
scientific literature;

(3) A review of literature and other scientific data to detecmne the
species distribution, habitat needs, and other bLologic&l require-

ments;

(4) An analysis of direct and Indirect effects of the proposed action
on the Individuals and population of the Involved species and their
habitat;

(5) An analysis of alternative acclone that may promte consecvacion of
the species;

(6) Ocher relevant Information; and

(7) A written report documenting the assessment results.

If tite Federal action agency determines that its proposed action may affect
listed species. that agency Initiates formal Section 7 consultation with
the Service. If the Federal action agency determines that there will be
no effect. there is no need for further consultation. However, the Service
would appreciate the opportunity to review.-he biological aseessment.

PROPOSED SPECIES AND PROPOSED CRITICAL IIABITAT. If the proposed Federal

action La likely to jeopardize species proposed for listing as endangeresd
or threatened, or adversely modify proposed critical habitat, Section 7
requirements are met by conferrina with the Service. Information simLilar
to that listed belw for formal consultation io needed from the action
agency when conferring vtth the Service on proPosed speoles and proposed
critical habitat.

FORIMAL CONSULTATION INFORMATION NEEDS

Requests for fotmal consultation should include Information necessary for
the Nervtce to determine impacts an 1iated speetee as fQL1owsi

(A) DESCRIPTION OF ACTION.
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(8) DESCRIPTION Of TIlE ACTION ARMA APFFICTF.n1. JINCLUW'ALl. AREAS AFFF.CTEO UOIK.CTImy OR INDIRECTLY BY TIME
FEI)ERAL ACTION, NOT MEUELY THE IIIM IATELT AREA IN-VOLVED 10 THE ACTION.

(C) STATUS OF THE SPECIES AND ITIS CRITICAL IIABITAT IN THE AREA ANDWIAT THE AFFECTED AREA PROVIDES FOR Tile SPECIES.
(0) AN ASSESSHENT O9F 11OW TIHE LISTED SPECI'S OR CRITICAL IHABITATVILL BE AFFECTED AS A RESULT OF THIE FEDERAL ACTION.
(M) OTHIER RELEVAIrT INFORI4MTION

DlckH/me: 2/13/85
February 2: DtckHi (ESA-SEC7)
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Species List

Department of the Army
Fort Worth District, Corps of Engineers

Technology Integration Experiment
White Sands Missile Range

Dona Ara, Otero and Socorro Counties, tHew Mexico

August 26, 1986

Listed Species

Whooping Crane (Grus americana) - Roosts on gravel bars and islands in
Rio Grande from October through Fevruary. Feeds in cultivated
fields and wetlands within several miles of the Rio Graude.

Authorities: James Lewis, U.S. Fish and Wildlife Service,
P.O. Box 1306, Albuquerque, N[4 87103, (505) 766-3974 and
Roderick Drewien, c/o Bosque del Apache National Wildlife
Refuge, P.O. Box 1246, Socorro, NK 87801, (505) 835-1328.

Bald Eagle (Haliaeetus leucocephalus) - Winters along the Rio Grande and
occurs as a migrant statewide. Roosts in large trees which may
or may not be close to their feeding areas. Bald eagle feeding
areas include rivers, reservoirs, and ponds.

Authorities: Steve Hoffnmn, U.S. Fish and Wildlife Service,
P.O. Box 1306, Albuquerque, NH 87103, (505) 766-3974 and
John P. Hubbard, iNew Hiexico Department of Game and Fish,
Villagra Bldg., Santa Fe, New M1exico 87503, (505) 827-7438.

American Peregrine Falcon (Falco peregrinus anatum) - The peregrine
falcon prefers areas with steep rocky cliffs in close
proximity to water. Since dense bird populations provide the
primary food source for the peregrine falcon, areas in which
these bird concentrations are found are also important habitat.
It has a lover preference for forest and grassland biomes.

Authority: John P. Hubbard, New Mexico Department of Game and
Fish, State Capitol, Santa Fe, New Mexico 87503, (505)
827-2438.
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Aplomado Falcon (Falco femoralis septentrionalis) - An endangered bird,
is currently not found in New Mexico but my be introduced into
historic range in the State. Historic range includes Catron,
Chaves, Dons Ana, Eddy, Grant, Hidalgo, Lea, Lincoln, Luna,
Otero, Sierra, and Socorro Counties. This species is found in
open woodland, savanna or grassland habitats.

Authority: Steve Hoffman, U.S. Fish and Wildlife Service,
P. 0. Box 1306, Albuquerque, New Mexico 87103, (505) 766-8063.

Interior Least Tern (Sterna antillarum athalassos) - This species nests on
sandy beaches on shorelines of streams, rivers and lakes and
has been sighted on Bosque del Apache National Wildlife Refuge.

Authority: Steve Hoffman, U.S. Fish.and Wildlife Service,
P.O. Box 1306, Albuquerque, K4 87103, (505) 766-3972.

Sneed Pincushion Cactus (Coryphantha sneedii var. sneedii) - Occurs in
southeastern Dona Ana County and northwestern El Paso County
(Texas) in the southern Organ .Mountains, Bishop's Cap, and
Franklin Mountains. This species usually prefers limestone
ledges in desert and grassland biomes from 4,300 to 5,400 feet
elevation.

Authority: Saustrup, A. and H.C. Johnston. 1977. Report on
status of Coryphantha sneedli var. sneedii. Rare Plant Study
Center, U. T. at Austin.

Lloyd's Hedgehog Cactus (Echinocereus lloydii) - This species occurs
in the Chihuahuan Desert in the Jarilla Mountains near Orogrande,
Otero County and in Carlsbad National Park, Eddy County. It has
also been reported in Eddy County, 30 miles west of Artesia and
in the east Potrillo "1ountains, Dons Ana County. It is associated
with dry rocky hills, slopes, limestone and granite outcrops at
approximately 5000 feet elevation.

Authority: Jim Johnson, U.S. Fish and Wildlife Service, Office of
Endangered Species, P. 0. Box 1306, Albuquerque, New Mexico,
(505) 766-3972.
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Proposed Species
None

Candidate Species

Category 1

None

Category 2

White Sands pupfish (Cyprinodon tularosa)
Ferruginous hawk (Buteo rezalis)
Swainsons hawk (Buteo swainsoni)
"Western" snowy plover (Charadrius alexandrinus nivosus)
White-faced ibis (Plegadis chihi)
Mountain plover (Charadrius montanus)
Long-billed curlew (Nuanenius americanus)
Western yellow-billed cuckoo ( americanus occidentalis)
Southern spotted owl (Strix occidentalis lucida)
Occult bat "(14yotis lucifugus occultus)
Southwestern cave bat (11. velifer brevis)
Spotted bet (Eudermu maculatum)
Organ "iountains chipmunk (Eutamias quadrivittatus australis)
Arizona prairie dog (Cynomys ludovicianus arizonensis)
White Sands pocket gopher (Geomys arenarius brevirostris)
White Sands woodrat (ileotoma micropus leucophaea)
New Mexican jumping mouse (Zapus hudsonius luteus)

Grams grass cactus (Pediocactus papyracanthus)
Alamo beard tongue (Penstemon alamosensis)
Gypsum sca lebroom (Lepidospartum burqessii)
Organ Mountain Evening Primrose (Oenothera orianensis)
flooding cliff daisy (Perityle cernua)
Gray sibara (Sibara grisea)
Curleaf needlegrass (Stipa curvifolia)
Dune unicorn plant (Proboscidea sabulosa)

Critical Habitat

Whc,:pivg Crane (Grus americana) - An area of land, water and air space
in Socorro County, New Ilexico with the following components:
all areas at or below 4,600 feet in elevation within Bosque
del Apache National Wildlife Refuge (Federal Register, Hay 15,
1978: 43FR 20938 - 20942).
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September 17, 1986

Mr. Michael J. Mocek
U. S. Army Corps of Engineers
P. 0. Box 17300
Ft. Worth, Texas 76102

Dear Mr. Mocek:

This letter is in response to your request for information
regarding state-listed threatened and endangered species that
may be negatively impacted by the construction and/or
operation of the proposed Ground Based Free Electron Laser
Technology Integrated Experiment (GBFEL-TIE) at White Sands
Missile Range (WSMR).

During the initial phase, the proposed project would involve
the construction and operation of an accelerator that
produces a high energy stream of electrons used to generate a
laser beam, and a long buried tunnel to transport the laser
energy to optical devices. A beam director to aim the laser
at selected targets, several support buildings and security
areas also would be required. Phase two would involve a
larger, more powerful laser device that would require a 345
kV power transmission line, approximately 1,400 acre-feet of
water annually and would occupy an area two miles by 10
miles.

Three sites within WMSR are being considered for the
GBFEL-TIE project: 1) north of the NASA facilities along the
west side of the San Andres Mountains, 2) south of the
Stallion Range Camp in the northwestern portion of WSMR, and
3) in the vicinity of the Orogrande Range Camp in the
southeastern portion of WSMR.
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Mr. Michael J. Mocek -2- September 17, 1986

Our records indicate the following threatened and endangered
species as occurring within, or in close proximity to the
proposed project area: (1) desert bighorn sheep (Ovis
canadensis mexicana); (2) black-tailed prairie dog (Cynonmys
ludovicianus); (3) Colorado chipmunk (Eutamias quadrivittatus
australis); (4) White Sands pupfish (Cyprinodon tularosa);
(5) Trans-Pecos rat snake (Elaphe subocularis); and (6) gray
vireo (Vireo vicinior).

I have some strong reservations regarding the proposed site
located north of the NASA facilities along the west side of
the San Andres Mountains. This area is located within 4
miles of the San Andres National Wildlife Refuge, the primary
function of which is to protect and perpetuate the endangered
desert bighorn sheep. The San Andres bighorn are the only
indigenous population remaining in New Mexico. Consequently,
they represent a very valuable resource to the citizens of
the state. Presently, this population has reached a very
delicate balance between survival and extinction. My
concerns are further compounded by the fact that less than
125 free-ranging desert bighorn occur in the entire state.

The current status of our knowledge of desert bighorn sheep
is that it is a very sensitive species and has great
difficulty adjusting to encroachment of many man related
activities. Bighorn sheep biology revolves about the
retention of its annual production of juveniles on the home
range of the adults, rather than their dispersal from such
home ranges, and the exploitation of plant communities that
are stable in time and space. Habitat utilization is
dependent on social organization and living traditions that
if altered, affect bighorn ecology far more significantly
than if a similar alteration involved mule deer (Odocoileus
hemionus).

Disturbances, whether directed toward bighorn or not, have
been observed to cause reactions adverse to population
welfare. Bighorn have been known to abandon the use of
historic ranges where human activity increased suddenly over
a short time.

The proximity of the site proposed for the GBFEL-TIE
project north of NASA to currently occupied bighorn habitat
on the San Andres National Widlife Refuge is of concern. In
addition to possibly depriving bighorn use of the west slope
of the mountain range, human activities in this area might
also cause abandonment of the Brushy Mountain lambing areas,
which have been identified as critical habitat for this
species.

A-16



Mr. Michael J. Mocek -3- September 17, 1986

This project also has the potential to negatively impact
important big game species such as mule deer, gemsbok (O•x
gazella), pronghorn antelope (Antilocapra americana), and
mountain lion (Felis concolor) that occur throughout WSMR.
An assessment of potential impacts on these species and
appropriate mitigative measures need to be addressed in the
draft environmental impact statement.

I am equally concerned about the water (1,400 acre-feet/year)
and electric power requirements (345 kV transmission line) of
this project. The environmental impact statement should
address water infiltration rates, ground water movements,
projected drawdown of the water bearing aquifer and what
impacts this may have on water sources in the montane areas.
The power transmission line could also have significant
adverse impacts on wildlife. Construction and maintenance
activities may adversely impact nesting raptors, as they are
very sensitive to disturbances especially during the breeding
season. Overhead wires also pose a serious threat to birds
in the form of electrocution and collisions. The frequency
of collisions with overhead wires is directly related to the
proximity of powerlines relative to feeding areas.
Electrocutions usually result from poor transmission line
design.

I would appreciate the opportunity to review the draft
environmental impact statement when it is completed. If you
have any questions, please contact Andrew Sandoval of this
office at (505) 827-9912.

Sincerely,

Harold F. Olson
Director

avs

cc: John R. Brown (Office of Policy Analysis)
Michael J. Spear (Regional Director, USFWS)
Patricia Hoban (SANWR Manager, USFWS)
Daisan Taylor (Wildlife Biologist, WSMR)
Craig Nordyke (SW Area Supervisor, NMGF)
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Population Impacts and Gravity Models
for Socioeconomic Analysis, GBFEL-TIE, WSMR

The construction and operation of major Department of Defense related
developments on WSMR has drawn workers and their dependents into the area in
the past. The magnitude of the in-migration associated with the proposed
GBFEL-TIE would depend on the project schedule and the need for nonlocal
employees.

Employment data from WSMR, U.S. Census and local public sources have been
applied to an algorithm to estimate the in-migrating population (Figure D-1).
The in-migrating population consists of direct or primary workers (nonlocal
construction and operations) associated with particular developments and
indirect or secondary workers (i.e., those workers necessary to fill the
employment created by the primary jobs for sales and services) and the
dependents associated with primary and secondary workers (Table D-1).

The relationship between variables in the algorithm are based on available
empirical data (Mountain West Research, 1975) and models (Murdock, et. al.,
1979) developed for social impact assessment studies. All of the variables in
the algorithm can be calculated by the known values of primary (direct)
construction employment and primary (direc) operations employment.

The assumptions for the relationships between variables in the algorithm
determine the values of total in-migrating population calculated from a given
set of primary employment figures. Obviously, different assumptions yield
different estimates of in-migration. The assumptions made in the present
instance are based on previous empirical work and professional judgement
relative to local applicability. As new data are developed and the
assumptions refined, new values should be calculated prior to the discussion
of estimated in-migrating populations. The assumptions regarding the
relationship between values are presented below.

1. During FY87-90 60 percent of the blue collar
construction phase work force would be filled by
local workers; 40 percent by nonlocal workers.
During FY91-01 50 percent of the blue collar
construction work force would be filled by local
workers, 50 percent by nonlocal workers.

2. 20 percent of the scientific/technical/supervisory
operations work force would be local; 80 percent
would be nonlocal

3. 51 percent of the nonlocal blue collar construction
phase workers would be single or without their
families; 49 percent would have families or
dependents

4. the number of dependents of nonlocal construction
workers is 1.8 times the number of such workers

5. 20 percent of the scientific/technical/supervisory
operations work force would be single or without
families; 80 percent would have families or
dependents

D-1
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6. the number of dependents of nonlocal
scientific/technical/supervisory operation workers
is 2.3 times the number of such workers

7. the number of total (local and nonlocal) secondary
workers is a function of primary construction
workers and primary operations workers; the number
of secondary workers is the sum of 50 percent of
blue collar construction workers plus 110 percent
of operations workers.

8. the number of nonlocal secondary workers would be
25 percent of the total calculated number of
secondary workers

9. 20 percent of the nonlocal secondary workers would
be single or without families; 80 percent would
have families or dependents

10. the number of dependents of nonlocal secondary
workers is 2.3 times the number of such workers

Assumption #1 is based on the proportion of local and non-local workers
observed at similar projects throughout the United States. The Corps of
Engineers Institute for Water Resources (Dunning 1981) concluded, based on a
sample of 51 major construction projects, that:

a) approximately 70 percent of the-national
construction workforce on Corps projects is
composed of local workers;

b) projects in the western United States have a higher
proportion of non-locals than projects elsewhere in
the country; and

c) for regions with smaller populations, the
proportion of non-locals employed on a project is
greater.

The proportions of local/non-local workers assumed in this analysis were
chosen in an attempt to reflect these conclusions. They are further
substantiated in a study conducted by North Dakota State University (Leholm et
al. 1976) that the proportion of non-local workers at electric generating
facility construction projects in the western United States was 50 percent.
It should be recognized, however, that any modification in the level of effort
or time table of the present project would modify impacts. Of particular
importance would be the effect of additional new construction projects in the
study area that might significantly increase the demand for construction
workers. In this case, a higher percentage of in-migrating construction
workers would be expected.

GBFEL-TIE related projected in-migrating populations were distributed among
the counties within the region of impact using a gravity model of spatial
allocation (Figure D-2). The boundary for the model was set by a 100 mil1
travel distance from each of the three sites. There are three separate
allocations - one for each site. It was assumed that local workers would
commute up to 100 miles to fill construction jobs. One hundred miles was also
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assumed to be the maximum distance from which the in-migrating work force
generally would drive from their new place of residence to a work site.

The gravity model is based on two variables: size of place and distance
between place and work site. The relationship between a worker's place of
residence and place of work can generally be stated as follows:

o the larger the place, the more attractive it is to
reside, and

o the closer the place, the more attractive it is to
reside.

The size of place is in essence a proxy for numerous desirable community
amenities and services, i.e., schools, shopping, housing, cultural activities,
etc. Size is also a proxy for the ability of a community to muster resources
(credit, expertise, etc.) to deal with incoming population and resulting
impacts. If a community decides to prepare for the influx by arranging needed
facilities (particularly housing), it may attract a much larger share of the
incoming population than indicated by the model. Proximity to work is a
measure of convenience.

The traditional method for the calculation of distribution factors based on
size of place is based on the assumption that the population of incorporated
places of 500 or more population is the best surrogate value for desirable
community amenities and services. In the present case, it was assumed that
the largest town in each of the counties was the market and service center for
that county and would, therefore, contain facilities commensurate with the
county population. Therefore, in making the spatial allocation calculations
the county population was assigned to the largest town. The largest town was
also the nodal point for measuring the distance by road to the various sites.

In most development projects the distance elasticity factor (exponent b) is
lower for construction and secondary workers than for operations workers. The
assumption is that the latter will seek residence closer to their place of
employment than the former since there is an expectation of long-term
employment. Because of the construction/operations scheduling information
supplied at the time the Draft Environmental Impact Statement (DEIS) was being
written, the judgement was made that construction and operations personnel
would tend to allocate themselves in a similar manner. Accordingly, the
distance elasticity factor used for both groups was the same (b=1.5).

Recently, revised manpower estimates and project schedules were received from
USASDC which required rethinking this assumption. Additionally, information
supplied by the WSMR Public Affairs office estimated the approximate work
force distribution of WSMR main post personnel. Most of the personnel who
live off-post were held to be civilian, professional or technical workers.
This information indicated that approximately 44 percent of these personnel
live in El Paso, 50 percent in Las Cruces and 6 percent in Alamogordo.

A distance elasticity factor based on this information was empirically derived
and used to allocate the Orogrande and North of NASA operations work force.
This factor (b=3.5) approximates the distribution for El Paso and Las Cruces
but under represents the expected (6 percent) number at Alamogordo. The
projected number for Alamogordo is 1 percent. This indicates that more people
than the model predicts are willing to incur the inconvenience of additional
travel in order to live in Alamogordo.
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Figure D-2

Gravity Model of Spatial Allocation
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where: wij = ho propQrtnoq of workers settling in place
1 ?rom plant j

Pi = population in place i
dij = distance from pl.ce i to plant

= the extent to which distance innibits
settlement, referred to as distance
elasticity

where:

b = 1.5 for construction and secondary
workers (Source: Sunbelt Research
Corporation, March 1980)

b = 3.5 for operations workers at Orogrande
and North of NASA (Source: Elasticity
figure calculated from settlement pattern of
WSMR current civilian staff)

b = 2.9 for operations workers at Stallion
(WSMR elasticity figure judgementally
modified)

Source: Construction Worker Profile Final Report. A Study
of the Old West Regional Commission by Mountain West
Research.
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There is an additional factor which is probably involved, but which is
unquantifiable. The perceived attractiveness of Las Cruces and Alamogordo as
places to live, compared to El Paso, is greater than their relative population
size would indicate.

Information concerning the disposition of past construction project work
forces at WSMR was not available. Accordingly, the distance elasticity factor
of b=1.5 was retained where making allocation projections of incoming
construction and secondary workers.

Since the Stallion area differs considerably from the southern end of the
WSMR, it was felt to be more reasonable to utilize factors from previous
studies which were felt to be applicable. Accordingly, distance elasticity
factors used in the gravity model to project the distribution of incoming
population were b-l.5 for construction and secondary workers and b=2.9 for
operations workers.

The distribution factors applied to the estimates for in-migrating populations

for each site are shown below in Table D-2.

Table D-2

Distribution Factors for Construction, Operation
and Secondary Workers and Attendant Dependents

Site
Orogrande North of-NASA Stallion

Construction& Construction& Construction&
County Secondary Operations Secondary Operations Secondary Operations

Bernalillo .1 - - - .654 .307
Dona Ana .190 .234 .433 .831 - -
Lincoln .007 .002 - - .045 .045
Otero .105 .175 .037 .009 - -
Sierra - - .006 .001 .020 .013
Socorro -- - .166 .536
Torrance - - .014 .008
Valencia - - - .101 .091
El Paso .698 .588 .524 .157 - -

1.000 0.9992 1.000 0.998 1.000 1.000

indicates not applicable
2may not total 1.000 due to rounding
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Appendix E

Eye Safety Analysis

1.0 Introduction

The possibility of exposure and damage to the eye is a potential hazard
associated with lasers. With a large scale laser, such as the GBFEL-TIE, the
scattered energy as well as the laser beam itself can be a safety hazard. The
eye is the organ most susceptible to laser damage. If the laser energy is not
at sufficient levels to hurt the eye, then it is not a hazard to other parts
of the body.

2.0 Exposure Limits

Optical radiation is usually absorbed in a thin layer of tissue in the eye and
its damaging effects are largely thermal in nature. Tissue repair processes
are limited and therefore result in a definite exposure threshold; that is, an
exposure level exists below which no adverse change will occur and no real
risk exists. Of course, the threshold can vary with the individual and with
environmental conditions. However, if the safety level is set well below
these variations, then the exposure conditions are not hazardous.

These hazard thresholds are set by taking measurements from laboratory
animals, such as a rhesus monkey, and establishing the ED5O dose. The ED5O
dose is the exposure dose that results in a 50 percent probability of an
ophthalmoscopically visible lesion in 50 percent of the exposures in a group
of animals. The Maximum Permissible Exposure (MPE) is then established as the
safety- level below which exposure is not hazardous. This MPE is generally 10
times smaller than the ED5O dose.

For the purpose of this analysis, the MPE values used are from the American
National Standard for the safe use of lasers (ANSI A136.1-1980 amended 1986).
For the operating wavelen th and waveforms of the GBFEL-TIE these standards
specify a MPE of 5 x n-1/4 microjoules per square centimeter, where n is the
number of laser pulses.

3.0 Laser Energy Scattering

Once the MPE levels have been established, it is necessary to evaluate all the
possible sources of scattered energy. These scatterers can be categorized as
diffuse scatterers, which spread the laser energy into a large volume, and
specular scatterers, which reflect a more coherent and directional beam of
energy.

3.1 Diffuse Targets

Most of the scatterers that may reflect laser energy will be diffuse
scatterers. These scatterers include aerosols in the atmosphere such as
clouds, the atmosphere itself, dust particles and other particulates, plants,
animals, the ground and rough non-reflective surfaces on the targets. For
purposes of analysis, instead of addressing each of the types of scatterers a
"worst case" was assessed. This "worst case" assumes that a diffuse
scatterer, as large as the laser beam, reflects all the laser energy. The
following is the geometrical optics question for the reflected energy in this
case:
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(Radiant xposure) - (Beas Energy) (Scatterer reflectance)

(Area of the scattered energy)

or symbolically

H -
wr2

If the radiant exposure (H) is replaced by the MPE, the equation can be solved
for the "safe range" or the range at which the reflected energy is equal to
the maximum permissible energy.

r Op

For the anticipated beam power densities, both Phase I and Phase II will have

safe ranges less than 1 km.

3.2 Specular Scatterers

Smooth highly reflective objects can scatter a significant portion of a laser
beam. Some specular scatterers that have been considered are rain, space
debris, air vehicles, ground vehicles and reflective surfaces on the test
targets. Reflections from large scatterers would be mitigated with
operational safety procedures. That is, ground and air vehicles would be
cleared from the area before laser operation. Radar and ground security would
alert the operators to any unauthorized intrusion into the safety buffer zones
and the laser would automatically be shut down. The laser would also not
operate in adverse weather conditions. Any space debris over 1 cm in diameter
would be tracked and accounted for so the laser would not operate when there
is a hazard of illuminating these scatterers. This leaves small unintentional
objects and the test targets to consider.

3.2.1 Small Unintentional Targets

Since objects larger than 1 cm in diameter can be detected and thereby
operationally guarded against, a 1 cm diameter scatterer is considered in the
specular scatterer hazard analysis. Most of the smooth surfaces will be
curved and therefore will spread the energy in a broad direction. For this
analysis, the more stressing case of.a nominally flat surface is considered
with a correction term for the degree of "flatness". A geometrical optics
equation for the radiant exposure from a specular scatterer is:

H - (Beau onergy)(Atmos. Atten.) (ReflectiviLty)(Area of reflector)(Flatness)
..... ....... .. ....; .................. .. ........................

(Area of beam at reflector)(Area of scattered been at eye)

or symbolically

4*, '.k(1+r 2  d 2

.1.22A 2 10221 2w(a+2r, a • (dr + 2. r. (:2Xdr 9. .



Consistent with the "worst case" analysis, we assume the beam is not spread or
attenuated through the atmosphere. The safe range is then:

r2 4 0dr2 ~ e (2va) 2)1/2 )d -d

T up* a2 2xl.221

Most scatterers will be destroyed by the incident laser beam. Those that
survive will generally have the surface degraded to a diffuse reflector. If a
scatterer were to survive a few laser pulses with it's surface intact, it
would not generally remain oriented toward a viewer for more than a few
milliseconds. Nevertheless, in order to be conservative on the side of
safety, for this analysis we assumed an extremely large number of 150 pulses
that may reach the viewer. In addition, we made a very conservative estimate
of the anticipated reflectivity (80 percent) and surface flatness (one-third
of a wavelength). Using these assumptions, the above equation gives the
result that the safe range for specular reflections would be less than 1 km.
That is, if an observer located beyond 1 km from the beam were to look at
reflection of the laser, that observer would not receive more than the Maximum
Permissible Exposure.

Although laser reflections more than 1 km from tie reflecting object would not
be hazardous* a further calculation was done to estimate the likelihood
someone beyond 1 km away would even be exposed to the reflection. The
analysis to this point assumes that if a specular scatterer does encounter the
beam that it is oriented at exactly the right angle to reflect the energy into
someone's eye. This is a very unreasonable assumption. If a scatterer enters
the laser beam it could be oriented so that energy can be scattered in any
direction. The probability of exposure to this reflected energy is a function
of the distance from the scatterer and the area of the eye. For a viewer
beyond 1 km from the scatterer the probability is very low, less than 1 in 2
million.

3.2.2 Reflection from Test Targets

The largest source of potential reflected energy would be from scatterers on
the test targets themselves. This problem will be controlled through proper
design of the test targets. Most of the surfaces will be diffuse or curved so
that the reflected energy will be highly divergent. The reflective surfaces
may be oriented so that scattered energy will reflect into an absorptive
protecting material. Large reflective targets can be enclosed in a light
tight facility to prevent reflected energy from producing a hazard.

4.0 Telescopic Viewing

If the scattered laser energy is viewed with a telescope or binoculars there
will be more radiation on the eye due to the larger aperture of the telescopic
device. For specular reflectors within the line-of-sight this radiation may
be damaging. However, the probability of reflected energy being In the
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direction of the telescopic device is still well below one in a million. If
this probability is coupled with the probability of the telescope being
pointed toward the scatterer, the chances of damaging exposure decrease to
less than 1 in 10 billion.

The design for the test targets will incorporate the possibility of telescopic
viewing. Ground targets will be shielded to preclude telescopic viewing.
Airborne test targets will be designed to be diffuse or curved scatterers.
For a typical missile size target viewed with a 6 inch telescope the safe
range is still well below one kilometer.

5.0 Safety Zones

In keeping with the above analyses, a 1 km keep-out zone (Figure E-1) will be
established around the facility. No personnel will be allowed in this zone
during laser operations.

A 3 km controlled access zone will be established primarily to serve as a
security buffer around the 1 km keep-out zone. A 3 km aerial buffer will also
be established as shown in Figure E-2. Any aircraft or bird entering this
airspace will result in a shutdown of the laser beam.

All analyses indicate that the GBFEL-TIE can be operated in a manner that will
not present any eye safety hazards to the general population or the operating
personnel. The following points summarize the safety analysis for the
GBFEL-TIE:

1. Hazard zone , 1 km
Controlled access zone - 3 km
Aerial buffer zone - 3 km

2. The test targets and procedures will be designed to
preclude a safety hazard beyond the designated
safety zones.

3. Outside the 1 km zone there is no eye safety
hazard.
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RFI Study

1. Introduction and Summary of Results

1.1 Results

Given the currently available information it does not appear that the
operation of the GBFEL TIE equipment will result in any increase in the
local background RFI noise. The need to shield the equipment to meet
personnel safety requirements for ionizing radiation and the maximum
allowable rf radiation (USAS C95.1-1966) result in more RFI shielding
than would be necessary for a system designed to suppress RFI for more
normal environments, i.e. a data processing complex.

We base this conclusion on two important assumptions,

1) the RFI shielding is properly maintained and

2) a RF leak detection monitoring and correction system is included
in the design of the facility.

1.2 Objective/Purpose

The question answered in this document is:

"What is the potential for radio frequency interference from the
operation of the GBFEL TIE linear accelerators and power equipment"?

If RFI is produced by GBFEL TIE equipment, it could disturb local
television and radio receivers. Since the GBFEL TIE will be located on
White Sands Missile Range (WSMR), it could also intrfere with the data
gathering equipment of other government programs.

One of the most important projects within the potential RFI environment
of the GBFEL TIE is the Very Large Array (VIA) radio telescope. In
addition to the VIA the Tracking and Data Receiving Satellite (TDRS)
near the candidate North of NASA site may is sensitive to RFI. Several
projects on WSMR may be affected but no data on their RFI tolerances is
currently available. Therefore the effect of an extreme worst case
potential GBFEL TIE RFI against the requirements set by the VIA and
TDRS is used in the analysis. Enough data and references to allow
other facilities to determine the potential impact of RFI from the
GBFEL TIE equipment is included in Section 3.

1.3 Approach-to the Problem

We began by assuming the worst case noise source to be a RF level equal
to the maximum safety limit (100 w/square meter), (The latest safety
standard is 40 w/square meter. However, since this standard has not
yet been formally accepted by the Army, the previous 100 w/square meter
is used in this analysis) which would be the worst case RFI conditions
at the GBFEL TIE facility. Then we calculate the propagation losses
which would reduce any leakage of this radiation to determine if the

H -1



level of interference would be significant at the VIA facility, or
elsewhere. We assume only minimum losses from each possible loss
source. For example, our caluculation ignores the losses due to wave
length or antenna mismatch. Our calculation of the losses due to
diffraction over the earth used only the single highest ridge and not
all those in the path. We have under estimated the RFI losses and
therefore have made the effect of any GBFEL TIE generated RFI worst.

We have included simple estimates of the noise produced by equipment
similar to that of the GBFEL TIE, and all available information on the
noise produced by operating accelerators. From this past experience,
there is no reason to expect the GBFEL-TIE should create an RFI
problem.

We assume the facility will be designed and operated in a manner
consistent with OSHA and Army safety and proper maintence practice.
Additionally, we assume any shielding used will be maintained and
tested for leakage to prevent hazards to personnel. Although these
levels such as 40 watts per square meter are permitted by the safety
regulations, these levels are not acceptable to the GBFEL-TIE design
staff. The design staff will try to minimize all energy losses. The
amount of energy required to exceed this safety level would result in a
drastic loss of power to the GBFEL system. If even half the allowed
value of RF energy escapes an additional 80 kilowatts of power would be
needed to operate the GBFEL.

Potential noise sources associated with construction have not been
addressed in this documetit. These may include noise generated by
improperly shielded ignition systems, arc welding, brush arcing, and
other noisy electrical equipment. The control of these sources must be
left to the construction contractor.

2. The potential RF sources

In the following sections, the descriptions of the varied equipment
which are potentially part of the GBFEL TIE are presented to prepare
for the discussion of the potential for RFI impact from the GBFEL TIE
project.

2.1 Accelerators

There are two types of accelerators, RF and induction. They have
similarities in their power supplies but are different in the methods
they use to accelerate electrons. Their potential for interference is
also different. The noise sources fall into three categories; those
common to both types of accelerators, and those specific to one or the
other accelerator type.

The common components are:

1) the electrical substation,

2) the electrical components which condition the power grid (static
Voltage Amperage Reactance (VAR) compensators ),
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3) the power line filters which prevent frequencies other than 60 Hz
from entering or leaving the facility power lines,

4) the step down transformers to adjust the line voltage to that
required by the High Voltage Direct Current (HVDC) power supplies,
the designs would be different for each type of accelerator but would
have similar RFI problems,

5) pulse forming networks; both types of accelerator have them,

although each is different.

The components peculiar to the RF accelerator are:

1) the pulse frequency controller,

2) the RF generators, Klystrons at 1.3 GHz or 433 MHz,

3) wave guides,

4) RF accelerator cavities

The.r.emponents peculiar to the Induction accelerator are:

1) the magnetic pulse compressors, which contain transformers,
blumleins, and trigger networks.

The most important potential sources of RFI are-leakage through the
line filters and emissions from the RF generators, the klystrons.
These components could be at ground level, and if they are, they would
at least be housed in metal buildings similar to the Butler Buildings
used for warehouses. The commerically available structures can provide
excellent shielding. Figure 2-1 shows the performance of a equipment
designed to reduce RFI. This performance is typical for simple
commerically available shielding.

The klystrons provide the free-electron laser with the energy to
accelerate the electrons. They provide the most intense source of
radio frequency energy. Small RFI leaks in their shielding or the
waveguides connecting them to the accelerator structures can produce
unacceptable and unsafe RF levels. The impact of these leaks depends
of the frequency Qf the klystrons. If these are outside the sensitive
listening bands ox the receiver then the problem will be minimal.
Table 2.1 is a table of the energy distributions out of the main
frequency of typical klystrons. The energy in frequencies other than
the main frequency is very small. Thus any RFI from the klystrons at
frequencies other than its fundamental will be at very greatly reduced.
levels.

Line filters are a common component of ordinary electrical power
systems. They are often used on high voltage DC power lines to reduce
the RFI produced by the electronics used to convert AC to DC current
and back to AC. It is important to prevent leakage from the line
filter into the rest of the power lines because the noise from this can
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SUMMARY OF RADAR HARMONIC LEVELS (DECIBELS BELOW FUNDAMENTAL)

2 3 4 3 6 7 8 9 10

Maltnetron:
Mean ... ........... 78.1 71.7 77.1 86.0 87.2 91.9 99 3
Range. higha/low .... 57/103 45/100 62/93 67/114 76/96 81/96 83/114
Number of samples.. 77 59 34 23 17 7 5 A

Kiyst ron:
Mean .............. 71.3 78.2 76.9 73.9 82.3 87.2
Range. high/low .... 38f/119 57/105 56/101 59/111 73/89 72/97
Number of samples.. 44 27 21 8 7 4

Tetrode and triode:
M~ean .............. 83.2 76.0 99.6 90.0 96.7 100.2 106.2 97.2 100
Range. high/low ... 74/93 72/81 93/108 79/98 83/108 93/112 98/113 93/100 100/100
Number ofsamples. 14 13 10 11 9 9 3 4 2

TABLE -2-1

AM0 IMlM pm.OOM-lamOGn
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be carried by the power line long distances. High performance line
filters are available from many sources and are highly effective.
Commercial devices are available which reduce unwanted noise power by
100 db for frequencies above 14 kHz.

The term db is used to make the discussion of ratios easier. Db is an
abbreviation for decibel. A decibel is equal to ten times the
logarithm of the ratio of the power to one watt. Ten db is equal to 10
watts. If we reduce power by 100 db this equals dividing the power
value by 10 billion.

2.2 Gain Generator

The wiggler is the component of an FEL which produces the laser light.
It is similar for both types of accelerators, but will be longer in the
case of the Induction device. The wiggler would not produce RF noise
unless the electron beam collides with the beam tube walls. The small
diameter of the wiggler's beam transport tube acts as a RFI filter
because it appears as a wave guide with a high frequency cutoff. The
inside diameter of the beam transport tube in the wiggler is less than
.2 inches. This means that it has a cut off frequency of 34.6 GHz.
For frequencies less than this the attenuation will be greater than 60
db per inch of length. All wiggler designs are hundreds of inches
long.

It is reasonable to conclude that no RF energy will leave the wiggler'
section and therefore none will remain in the optical beam as it
traverses the remainder of its path to the atmosphere.

2.3 Beam Dump

Once the electrons have left the wiggler they are removed from the
optical beam path and are captured in the electron beam dump. This
component has been questioned as one potential source of RF radiation,
because the eleotrons are decelerated and therefore could generate RF
through bremsstrahlung radiation.

The electrons which enter the beam dump have a narrow velocity
distribution and lose most of their energy on their first collision.
Most beam dumps trap the electrons in a block of carbon which has
aluminum plates on both sides. This entire structure is contained in a
steel tank to reduce the radiation produced by any activated species.
The tank is a sealed structure with water circulation between the
layers of aluminum. The front of the tank is sealed from the
accelerator vacuum by a beryllium widow. Therefore the probability of
any particles or energy escaping from the beam dump is, by design, very
small.

Our calculations indicate that this steel vessel has greater than 120
db RFI suppression. As discussed later in this document, RFI
measurements made on other accelerators, which have less robust beam
dumps, show no sign of RFI leakage.

2.4 RFI Measurements from Three Accelerators

H -5



The data available about RFI associated with accelerator or laser
facilities is presented here. We have included this information not as
proof that the GBFEL TIE facility will be a low noise source, but as an
example of what has been accomplished. The low noise level of current
systems has been accomplished through normal accelerator and laser
design, not with efforts to suppress RFI.

2.4.1 Stanford Linear Accelerator Data h

There is no quantitative data from SLAC but we discussed some of their
RFI experience with Dr Roger McConnell, formerly the SLAC engineer
responsible for the design of their RF power system and now an expert
consultant in the area of systems design to suppress RFI. Dr.
McConnell has experience with the SLAC 50 MHz, 300 kv, 20 kw, RF
accelerator cavities. After building the first one of this type for
the SLAC facility he performed an informal test for RFI. A deep space
radio telescope with a 90 foot diameter parabolic antenna is located
3/4 of a mile from the location where the RF cavity was in test. The
power into the RF cavity was modulated with a 400 Hz signal. When the
telescope pointed at the cavity, the telescope failed to detect any RF
signal from the accelerator cavity. No special RFI shielding was used
beyond that provided by the accelerator structure.

We can only conclude that the individual RF power supplies and their
accelerator components can be electomagnetically quiet.

2.4.2 Livermore Data

Recent measurements made etJLivermore on their Advanced Test
Accelerator indicate that the peak electric field is nearly constant (
slowly decreasing with frequency) at .05 V/m/MHz from 20 to 100 MHz.
These measurements were made outside the radiation shield.

The ATA is not designed to provide a low noise RFI environment and has
no special RF shielding. Further, the current at which the ATA
operates is approximately three times that planned for the GBFEL,
although the power and beam energy are greater for the GBFEL. The
particular design of the ATA uses spark gap driven switches to fire the
magnetic compressors. The design proposed for the GBFEL TIE will not
use spark gaps but much quieter magnetic switches.

2.4.3 VIA measurements of the Los Alamos

VLB Array memo No. 401 by J. Oty documents data taken at the Clinton P
Anderson Meson Facility located at Los Alamos. Frequencies from 50 MHz
to 11.2 GHz were searched for noise from the accelerator. The
equipment was able to measure signals down to a few femtowatts per
square meter (one millionth of one billionth of a watt). These
measurements were made within a kilometer of the accelerator. No RFI
noise was detected.

3.0 Attenuation of RF Energy Over a Propagation Path
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The energy from an electromagnetic source can reach a receiver in three
ways. First, a free space wave travels directly from the source to the
receiver. A second is the energy can be reflected from the source to
the receiver. The third is the ground wave which follows the surface of
the earth.

Figure 3.1 show how each of the different ways are related to the
visible horizon.

4
3.1 Line-of-Site Propagation - Radar Horizon

The free space wave can reach the receiver only along the direct line-
of-sight from the source. Therefore the receiver must be above the
"radar horizon" or the point at which the radar energy directly from
the source touches the curved surface of the earth. Due to atmospheric
refraction the radar horizon is beyond the optical horizon or

d - 2*h*a*k

where d is the distance in meters
h is the height of the source (10 m)
a is the radius of the earth ( 6373 km)
k is the effective-earth's-radius factor (4/3).

Using the parenthetic values for the GBFEL-TIE the distance to the
radar horizon is about 13 km. Any RF sources from'the GBFEL-TIE will
therefore radiate directly into neighboring receivers only at
facilities within 13 km of the site. A more detailed analysis of the
interference under these conditions is discussed in Section 4.

3.2 Reflected Propagation - Ionospheric and Tropospheric Effects
The ionosphere is that region of the atmosphere surrounding the earth
that is ionized. During the day the ionized 1*vers exist between about
90 and 1000 km above the earth's surface. The ionization layers
between 200 and 400 km will reflect radio waves in the frequency range
up to 40 MHz. The free space attenuation for these large distances
will result in little or no noise from the GBFEL-TIE being received via
reflection from the ionosphere. For a reflective layer 200 km high the
free space loss is over 120 db (see equation in following section).

Tropospheric scattering results from the small random irregularities or
fluctuations in the index of refraction of the atmosphere. These
fluctuations will scatter energy in the frequency range of 200 MHz up
to 10 GHz. The transmission losses for this type of propagation are
very high. The path loss that is in addition to the normal free space
loss is:

7.2 X 1032 kol/ 3 Th Cn2

$ L -
d 11/3

where ko is the free space wave number
Th is the half power beam width
Cn is the structure constant for the index of refraction

fluctuations
d is the transmission distance.
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A - REceiviNG ANTENNA^ IN PLANEc EArTH OPTICAL REGION

B - RECEsVING ANqTENNA IN CURVEo EARTH OPTrICAL ReGION

C - RECcIVING ANTENNA ON RADIO HORIZON (MULr-nmoE ReGION)A

0 - RECEIVING ANTENNA IN oePRAnCTiON RceION

A

TRANSITTERALL CALCUL.ATIOKS APPLY Ir TRANSMITTING AND RECEIVING

ANTENNAS ARC INTERCHANGED

Figure 3-1 Diagram of Propagation Regions
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For 3 GHz frequency this loss is over 105 db.

3.3 Surface Waves - Propagation by Diffraction

When antennas are located on or close to the ground propagation of the
surface wave is the primary received energy in the frequency range from
a few kilohertz up to several megahertz. In addition to the free space
loss there are transmission losses due to diffraction from a spherical
Earth surface and an irregular terrain which will include different
kinds of obstacles.

3.4 RFI Attenuation Calculations

The following paragraphs will illustrate the methods used to calculate
losses for the free space, spherical.Earth, and obstacles.

Free Space Attenuation The power generated by a RF source will
decrease with distance from the source due to the divergence of the
electromagnetic radiation. The power density at a distance R meters
from a radar that radiates a power of Pt watts is:

Pr - Pt

4 (PI) R2

Diffraction Over a Spherical Earth For determining diffraction
attenuation relative to free space beyond the horizon, an approximate
formula may be used over a smooth Earth (reference CCIR report 715)

20 log L - F(d) + G(hl) + G (h 2 ) dB
Eo

where
E: the received field-strength
Eo: the field-strength in free space at the same distance
d: the distance between the extremities of the path
hl & h 2 : the heights of the source and receiver above the

spherical Earth
The functions F, (influence of the distance) and G, (height-gain) are

given by the nomogram in Figure 3-2.

Diffraction Over an Obstacle For the terrain in the White Sands area a
geometry such as illustrated in Figure 3-3 can be used. With this
terrain the geometrical parameters are lumped together in a single
dimensionless parameter v (reference CCIR report 715):

v = '2 _+ I

where
h is the height of the top of the obstacle above the

straight line joining the two ends of the path.
dl & d 2 are the distances of the two ends of the path from the

obstacle.
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For v more positive than -1 an approximate value can be obtained from
the expression:

Figures 3-4 through 3-6 show a cross section of the ground elevation
between each GBFEL site and the VLA. These were used to estimate the
RFI attenuation due to the difraction over an obstacle. Only the
single highest point in each path was used to determine the loss for
that path.

4.0 Potential for Conflicts

The methodology discussed in Section 3 was utilized to analyze the
interference of the GBFEL-TIE. As a point of reference, it was assumed
that the GBFEL-TIE would have the maximum radio frequency energy for
personal operation, 100 watts/square meter, or 20 dbw/m 2 . It is
important to realize that this level is at least ten times greater than
would be tolerated by the GBFEL TIE operators. A detailed assessment
of the possible interference with the surrounding cities, the Very
Large Array (VIA) Radio Astronomy Observatory, and the NASA TDRS
facility were performed and are discussed in the following subsections.

4.1 Conflict with Surrounding Cities

High performance receivers utilized in some cities are sensitive to
only micro-volts per meters, therefore they require a noise level of no
greater than -110 dbW/m 2 in populated areas to preclude interference
(Pan American Special Investigation Report 508, and A GRC review of
high performance FM rercievers}. Table 4-1 illustrates attenuation
that can be expected for energy in the frequency range of 1 to 1000 MHz
when the GBFEL-TIE is located at the candidate site closest to the
city. This frequency range covers all the radio and television
transmission frequencies. For the most stressing case (I MHz from the
Orogrande site at Orogrande), the resulting noise level is less than -
175 dBw/m 2 . This is 65 dbw/m 2 below what a sensitive receiver can
detect.

4.2 Conflict with the VIA

The Very Large Array (VIA) radio telescope is extremely sensitive to
very low levels of interfering signals. The telescope array has
receiver bands from 73 MHz to 92 GHz. The most stringent interference
requirements are at the low frequency bands. The VLA must have noise
levels below -188 dbw/m 2 at 73 MHz to avoid interfering with the radio
observations.

Table 4-2 contains a chart of the attenuation of 50 MHz noise if the
site were located at North of Nasa, Orogrande, or Stallion. The * #
attenuation factors included were shielding, propagation losses, and
the antenna sidelobe loss (The Very Large Array: Design and Performance
of a Modern Synthesis Radio Telescope, IEEE VOL. 71,NO.11,Nov 1983).

As illustrated, the closest and most stressing case is at Stallion, and
the expected noise level is approximately -276 dbw/m 2 . Again, this is
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TABLE 4-1

NORTH OF NASA TO LAS CRUCES
ATTENUATION DUE TO:. 1 MHz 100 MHz 1000 MHz

SHIELDING 120 120 120
FREE SPACE LOSSES 90 90 90
DIFFRACTION LOSSES 0 5 27 ,

TOTAL 210 215 237

STAWLON TO SOCORROAlTENUATTON DUE T1 MHz 100 MHz 1000 MHzATTENUATION DUE TO:.-

SHIELDING 120 120 120
FREE SPACE LOSSES 90 90 90
DIFFRACTION LOSSES 0 0 17

TOTAL 210 .210 227

OROGRANDE TO OROGRANDE 1 MHz 100 MHz 1000 MHz
ATTENUATION DUE TO:.

SHIELDING 120 120 120
FREE SPACE LOSSES 75 75 75
DIFFRACTION LOSSES 0 0 0

TOTAL 195 195 195

OROGRANDE TO ALAMAGORDO 1 MHz 100 MHz 1000 MHz
ATTENUATION DUE TO:

SHIELDING 120 120 120
FREE SPACE LOSSES 95 95 95
DIFFRACTION LOSSES 0 12 38

TOTAL 215 227 253
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VLA AT 50 MHz

LOSS NORTH OF NASA OROGRANDE STALLION

SHIELDED ROOM 120 120 120

OBSTACLES 21 16 21

SPHERICAL EARTH 42 62 17

FREE SPACE 116 118 110

SIDE LOBES 28 28 28

TOTALS 327 344 296

TABLE 4-2
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significantly below the noise level that would interfere with the radio
telescope observations. Figure 4-1 contains a plot of the attenuation
of noise from the Stallion site as a function of frequency across the
sensitive frequency range. The 50 MHz case is the more stressing case,
yet is still below the required noise level.

4.3 Conflicts with the NASA TDRS facility

Table 4-3 was taken from data in a TRW report to NASA on the potential
interferance from the GBFEL TIE. The table shows the expected path
loss and the amount of additional RFI suppression required to eliminate
any interference. If we add the additional RFI attenuation due to
shielding ( 120 dB), the GBFEL is at least 5 dB below the maximum
limit. If we include the frequency of the TDRS recievers, we should
derive added protection because the GBFEL TIE would produce less energy
at the higher frequencies where the TDRS equipment operates.
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